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Preface 


This book is written by an anatomist who is a phy¬ 
sician to provide preclinical medical students with 
the basic knowledge of anatomy necessary for clin¬ 
ical practice. While it is appreciated that during 
their preclinical years few students know in which 
areas they will eventually wish to specialize after 
taking their M.D. degree, this book attempts to of¬ 
fer a core of anatomical knowledge that will serve 
physicians throughout their professional life. For 
those areas of the body that are commonly dis¬ 
eased, the anatomy is dealt with in detail; other 
areas of the body are covered more superficially. 

In this Third Edition great emphasis has again 
been placed on surface anatomy and surface mark¬ 
ings, since the majority of practicing physicians sel¬ 
dom explore tissues to any depth beneath the skin. 
Photographs of living subjects have been added for 
further help in this study. Normal radiographs of 
most regions of the body have again been included, 
with a few substitutions made to improve quality. 
Examples of CT (computerized tomographic) 
scans of the head and body and sonograms have 
also been added. Labelled black and white photo¬ 
graphs of cross-sectional anatomy of the head, 


neck, and trunk have been included to stimulate 
students to think in terms of three-dimensional 
anatomy, which is so important in the interpreta¬ 
tion of CT scans and sonograms. 

The practical application of anatomical facts to 
clinical medicine is stressed throughout the book, 
in the form of Clinical Notes. Clinical Problems 
that require anatomical knowledge for their solu¬ 
tion are presented at the end of each chapter. Both 
the Clinical Notes and the Clinical Problems have 
been brought up to date. Since many medical 
schools require students to take the National Board 
Part I Examination, examples of National Board 
type questions are given at the end of each chapter. 
The answers to the Clinical Problems and the Na¬ 
tional Board Type Questions will be found at the 
back of the book. 

In this edition, many of the simple colored illus¬ 
trations have been redrawn to improve accuracy 
and understanding. Illustrations summarizing the 
nerve and blood supplies of regions have been re¬ 
tained as well as overviews of the distribution of 
cranial nerves. Tables summarizing the attach¬ 
ments of muscles, their nerve supply, and their 


xi 
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function have also been included. 

Again I say to the medical student: The first day 
that you look at or place your hand on a patient, 
you require a basic knowledge of anatomy to inter¬ 
pret your observations. It is in the Anatomy De¬ 
partment that you learn the basic medical vocab¬ 
ulary that you will carry with you throughout your 
professional career and that will enable you to con¬ 
verse with your colleagues. Anatomy can be a bor¬ 
ing subject; clinical anatomy is fascinating. 

The writing of this book would not have been 
possible without the benefit of the works of anat¬ 
omists and physicians too numerous to mention, 
and I gratefully acknowledge their assistance. 

I thank the many medical students, clinical col¬ 
leagues, and friends who have made valuable sug¬ 
gestions regarding the preparation of this new edi¬ 
tion. I am greatly indebted to the late Dr. Alvin C. 
Wyman, Clinical Professor of Radiology at the 
George Washington University School of Medicine, 
for the loan of radiographs that have been repro¬ 


duced in different sections of the book. I am also 
grateful to Dr. David O. Davis, who has supplied 
me with many examples of CT scans. In this con¬ 
nection I also thank the University’s Audiosvisual 
Department for excellent photographic work. 

As in the past, I wish to express sincere thanks 
to Mrs. Terry Dolan and Mrs. Virginia Childs for the 
earlier preparation of artwork and to Myra Feld¬ 
man for the very fine new art in this edition. 

To the librarians of the George Washington Uni¬ 
versity School of Medicine thanks are due for their 
continued help in procuring much needed refer¬ 
ence material. Special appreciation goes to Betty 
Hodge and Barbara Chambers for their skill and 
patience in typing the manuscript. 

Finally, to the staff of Little, Brown and Com¬ 
pany I express deep gratitude for their continued 
enthusiasm and unfailing assistance throughout 
the preparation of this book. 

R. S. S. 
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1. Introduction 


DESCRIPTIVE ANATOMICAL 
TERMS_ 

Terms Related to Position 

Anatomy is the study of the structure of the body 
and the relationship of its constituent parts to each 
other. All descriptions of the human body are 
based on the assumption that the person is stand¬ 
ing erect, with the upper limbs by the sides and the 
face and palms of the hands directed forward (Fig. 
1-1). This is the so-called anatomical position. The 
various parts of the body are then described in re¬ 
lation to certain imaginary planes. 

The median sagittal plane is a vertical plane 
passing through the center of the body, dividing it 
into equal right and left halves (Fig. 1-1). Planes 
situated to one or the other side of the median 
plane and parallel to it are termed paramedian . A 
structure situated nearer to the median plane of 
the body than another is said to be medial to the 
other. Similarly, a structure that lies farther away 
from the median plane than another is said to be 
lateral to the other. 


Coronal planes are imaginary vertical planes at 
right angles to the median plane (Fig. 1-1). Hori¬ 
zontal or transverse planes are at right angles to 
both the median and coronal planes (Fig. 1-1). 

The terms anterior and posterior are used to in¬ 
dicate the front or back of the body, respectively 
(Fig. 1-1); so that to describe the relationship of 
two structures, one is said to be anterior or poste¬ 
rior to the other insofar as it is closer to the anterior 
or posterior body surface. 

In describing the hand, the terms palmar and 
dorsal surfaces are used in place of anterior and 
posterior, and in describing the foot, the terms 
plantar and dorsal surfaces are used instead of 
lower and upper surfaces (Fig. 1-1). The terms 
proximal and distal describe the relative distances 
from the roots of the limbs; for example, the arm 
is proximal to the forearm and the hand is distal 
to the forearm. 

The terms superficial and deep denote the rela¬ 
tive distances of structures from the surface of the 
body, and the terms superior and inferior denote 
levels relatively high or low with reference to the 
upper and lower ends of the body. 
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The terms internal and external are used to de¬ 
scribe the relative distance of a structure from the 
center of an organ or cavity; for example, the inter¬ 
nal carotid artery is found inside the cranial cavity 
and the external carotid artery is found outside the 
cranial cavity. 

The term ipsilateral refers to the same side of the 
body; for example, the left hand and left foot are 
ipsilateral. Contralateral refers to opposite sides of 
the body; for example, the left biceps brachii mus- 


The supine position of the body is lying on the 
back. The prone position is lying foce downward. 


Terms Related to Movement 

The site where two or more bones come together is 
known as a joint. Some joints have no movement 
(sutures of skull), some have only slight movement 
(superior tibiofibular joint), and some are freely 
movable (shoulder joint). 

Flexion is a movement that takes place in a sag¬ 
ittal plane. For example, flexion of the elbow joint 
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Fig. 1-2. Some anatomical terms used in relation to 
movement. Note difference between flexion of el¬ 
bow and knee. 
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Fig. 1-3. Additional anatomical terms used in rela¬ 
tion to movement. 
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approximates the anterior surface of the forearm 
to the anterior surface of the arm. It is usually an 
anterior movement, but it is occasionally posterior, 
as in the case of the knee joint (Fig. 1-2). Extension 
means straightening the joint and usually takes 
place in a posterior direction (Fig 1-2). Lateral flex¬ 
ion is a movement of the trunk in the coronal plane 
(Fig. 1-3). 

Abduction of a limb is the movement avvav from 
the midline of the body in the coronal plane (Fig. 
1-2). Adduction of a limb is the movement toward 
the body in the coronal plane (Fig. 1-2). In the fin¬ 
gers and toes, abduction is applied to the spreading 
of these structures, and adduction is applied to the 
drawing together of these structures (Fig. 1-3). The 
movements of the thumb (Fig. 1-3), which are a 
little more complicated, are described on page 514. 

Rotation is the term applied to the movement of 
a part of the body around its long axis. Medial ro¬ 
tation is the movement that results in the anterior 
surface of the part facing medially; lateral rotation 
is the movement that results in the anterior surface 
of the part facing laterally. Pronation of the fore¬ 
arm is a medial rotation of the forearm in such a 
manner that the palm of the hand faces posteriorly 
(Fig. 1-3). Supination of the forearm is a lateral ro¬ 
tation of the forearm from the pronated position, 
so that the palm of the hand comes to face ante¬ 
riorly (Fig. 1-3). 

Circumduction is the combination in sequence of 
the movements of flexion, extension, abduction, 
and adduction (Fig. 1-2). 

Protraction is to move forward, retraction is to 
move backward (used to describe the forward and 
backward movement of the jaw at the temporo¬ 
mandibular joints). 

Inversion is the movement of the foot so that the 
sole faces in a medial direction (Fig. 1-3). Eversion 
is the opposite movement of the foot so that the 
sole faces in a lateral direction (Fig. 1-3). 


SOME BASIC ANATOMICAL 
STRUCTURES _ 

Skin 

The skin is divided into two distinct parts, the su¬ 
perficial part, the epidermis, and the deep part, the 
dermis (Fig. 1-4). The epidermis is a stratified ep¬ 
ithelium whose cells become flattened as they ma¬ 


ture and rise to the surface. On the palms of the 
hands and the soles of the feet, the epidermis is 
extremely thick, to withstand the wear and tear 
that occurs in these regions. In other areas of the 
body, for example on the anterior surface of the 
arm and forearm, it is thin. The dermis is com¬ 
posed of dense connective tissue containing many 
blood vessels, lvmphatic vessels, and nerves. It 
shows considerable variation in thickness in differ¬ 
ent parts of the body, tending to be thinner on the 
anterior than the posterior surface. It is thinner in 
women than in men. The dermis of the skin is con¬ 
nected to the underlying deep fascia or bones by 
the superficial fascia , otherwise known as subcu¬ 
taneous tissue. 

In the dermis the bundles of collagen fibers are 
mostly arranged in parallel rows. A surgical inci¬ 
sion through the skin made along or between these 
rows causes the minimum of disruption of the col¬ 
lagen, and the wound heals with the minimum of 
scar tissue. On the other hand, an incision made 
across the rows of collagen disrupts and disturbs 
it, resulting in the massive production of fresh col¬ 
lagen and the formation of a broad ugly scar. The 
direction of the rows of collagen is known as the 
lines of cleavage (Langer’s lines), and they tend to 
run longitudinallv in the limbs and circumferen- 
tiallv in the neck and trunk (Fig. 1-5). 

The skin over joints always folds in the same 
place, the skin creases (Fig. 1-6). At these sites the 
skin is thinner than elsewhere and is firmly teth¬ 
ered to underiving structures bv strong bands of 
fibrous tissue. 

The appendages of the skin are the tiails, hair 
follicles, sebaceous glands, and sweat glands. 

The nails are keratinized plates on the dorsal 
surfaces of the tips of the fingers and toes. The 
proximal edge of the plate is the root of the nail 
(Fig. 1-6). With the exception of the distal edge of 
the plate, the nail is surrounded and overlapped by 
folds of skin known as the nail folds. The surface 
of skin covered by the nail is the nail bed (Fig. 1- 
6 ). 

Hairs grow out of follicles, which are invagina¬ 
tions of the epidermis into the dermis (Fig. 1-4). 
The follicles lie obliquely to the skin surface, and 
their expanded extremities, called the hair bulbs, 
penetrate to the deeper part of the dermis. Each 
hair bulb is concave at its end, and the concavity is 
occupied bv vascular connective tissue, the hair pa- 
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duct of eccrine 


sweat gland 


Fig. 1-4. General structure of skin and its relation¬ 
ship to the superficial fascia. Note that hair folli¬ 
cles extend down into the deeper part of the der¬ 
mis or even into the superficial fascia, while sweat 
glands extend deeply into the superficial fascia. 
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Fig. 1-5. Cleavage lines of the skin (modified from 
Last). 


pilla. A band of smooth muscle, the arrector pili, 
connects the undersurface of the follicle to the su¬ 
perficial part of the dermis (Fig. 1-4). The muscle 
is innervated bv sympathetic nerve fibers, and its 
contraction causes the hair to move into a more 
vertical position; it also compresses the sebaceous 
gland and causes it to extrude some of its secretion. 
The pull of the muscle also causes dimpling of the 
skin surface, the so-called gooseflesh. Hairs are dis¬ 
tributed in various numbers over the whole surface 
of the body except the lips, the palms of the hands, 
the sides of the fingers, the glans penis and clitoris, 
the labia minora and the internal surface of the 
labia majora, and the soles and sides of the feet and 
the sides of the toes. 

Sebaceous glands pour their secretion, the se¬ 
bum, onto the shafts of the hairs as they pass up 
through the necks of the follicles. They are situated 
on the sloping undersurface of the follicles and lie 
within the dermis (Fig. 1-4). Sebum is an oily ma¬ 
terial that helps to preserve the flexibility of the 
emerging hair. It also oils the surface epidermis 
around the mouth of the follicle. 


Fig. 1-6. The various skin creases on palmar sur¬ 
face of hand and anterior surface of wrist joint. Re¬ 
lationship of nail to other structures of finger is 
also shown. 
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biceps 


median nerve 


brachial artery 


ulnar nerve 


medial 

intermuscular 

septum 


coracobrachial is 



musculocutaneous nerve 

cephalic vein 
humerus 

brachial is 


lateral 

intermuscular 

septum 


radial nerve 


deep fascia / \ triceps 

superficial fascia skin 


Fig. 1-7. Section through distal third of right arm, 
to show arrangement of superficial and deep fas¬ 
cia. Note how fibrous septa extend between groups 
of muscles dividing arm up into fascial compart¬ 
ments. 


Sweat glands are long, spiral, tubular glands dis¬ 
tributed over the surface of the body except the red 
margins of the lips, the nail beds, and the glans 
penis and clitoris (Fig. 1-4). They extend through 
the full thickness of the dermis and their extremi¬ 
ties mav lie in the superficial fascia. The sweat 
glands are therefore the most deeply penetrating 
structures of all the epidermal appendages. 


Fasciae 

The fasciae of the body may be divided into two 
types, the superficial and the deep . They lie be¬ 
tween the skin and the underlying muscles and 
bones. 

The superficial fascia, or subcutaneous tissue, is 
a mixture of loose areolar and adipose tissue that 
unites the dermis of the skin to the underlying deep 
fascia (Fig. 1-7). In the scalp, the back of the neck, 
the palms of the hands, and the soles of the feet, it 
contains numerous bundles of collagen fibers that 
hold the skin firmly to the deeper structures. In the 


eyelids, auricle of the ear, penis and scrotum, and 
clitoris, it is devoid of adipose tissue. 

The deep fascia is a membranous layer of con¬ 
nective tissue that invests the muscles and other 
deep structures (Fig. 1-7). In the neck it forms well- 
defined layers, which may play an important role 
in determining the path taken by pathogenic or¬ 
ganisms during the spread of infection. In the 
thorax and abdomen it is merely a thin film of are¬ 
olar tissue covering the muscles and aponeuroses. 
In the limbs it forms a definite sheath around the 
muscles and other structures, holding them in 
place. Fibrous septa extend from the deep surface 
of the membrane, between the groups of muscles, 
and in many places divide up the interior of the 
limbs into compartments (Fig. 1-7). In the region 
of joints the deep fascia may be considerably thick¬ 
ened to form restraining bands called retinacula 
(Fig. 1-8). Their function is to hold underlying ten¬ 
dons in position or to serve as pulleys around which 
the tendons may move. 


Muscle 

There are three types of muscle: skeletal, smooth , 
and cardiac. 
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Fig* 1-8. Extensor retinaculum on posterior surface 
of wrist holding underlying tendons of extensor 
muscles in position. 


SKELETAL MUSCLE 

Skeletal muscles are the muscles that produce the 
movements of the skeleton; they are sometimes 
called voluntary muscles and are made up of 
striped muscle fibers. A skeletal muscle has two or 
more attachments. The attachment that moves the 
least is referred to as the origin, and that which 
moves the most, as the insertion (Fig. 1-9). Under 
varying circumstances the degree of mobility of the 
attachments may be reversed, and therefore the 
terms origin and insertion are interchangeable. 

The fleshy part of the muscle is referred to as its 
belly (Fig. 1-9). The ends of a muscle are attached 
to bones, cartilage, or ligaments by cords of fibrous 
tissue called tendons (Fig. 1-10). Occasionally, flat¬ 
tened muscles are attached by a thin but strong 



Fig. 1-9. Origin, insertion, and belly of gastrocne¬ 
mius muscle. 


sheet of fibrous tissue called an aponeurosis (Fig. 
1-10). A raphe is an interdigitation of the tendinous 
ends of fibers of flat muscles (Fig. 1-10). 


Internal Structure of Skeletal Muscle 

The muscle fibers are bound together with delicate 
areolar tissue, which is condensed on the surface 
to form a fibrous envelope, the epimysium. The in¬ 
dividual fibers of a muscle are arranged either par¬ 
allel or oblique to the long axis of the muscle (Fig. 
1-11). Since a muscle shortens by one-third to one- 
half its resting length when it contracts, then it fol¬ 
lows that muscles whose fibers run parallel to the 
line of pull will bring about a greater degree of 
movement as compared with those whose fibers 
run obliquely. Examples of muscles with parallel 
arranged fibers (Fig. 1-11) are the sternocleidomas¬ 
toid, the rectus abdominis, and the sartorius. 

Muscles whose fibers run obliquely to the line of 
pull are referred to as pennate muscles (they resem¬ 
ble a feather) (Fig. 1-11). A unipennate muscle is 
one in which the tendon lies along one side of the 
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Common tendon for the insertion 
of the gastrocnemius and 
soleus muscles 




Raphe of mylohyoid muscles 


Fig. 1-10. Examples of (1) a tendon, (2) an aponeu¬ 
rosis, and (3) a raphe. 
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quadrilateral strap 



strap with 

tendinous 

intersections 



fusiform two bellies two headed 





triangular 



\Jr 

unipennate 



bipennate 



Fig. 1-11. The different forms of internal structure 
of skeletal muscle. A relaxed and a contracted mus 
cle are also shown; note how the muscle fibers, on 
contraction, shorten bv one-third to one-half of 
their resting length. Note also how the muscle 
swells. 


muscle and the muscle libers pass obliquely to it 
(e.g., extensor'digit or urn longus ). A bipennate mus¬ 
cle is one in which the tendon lies in the center of 
the muscle and the muscle fibers pass to it from 
two sides (e.g., rectus femoris). A multipemxate 
muscle (1) mav be arranged as a series of bipen- 
natc muscles lying alongside one another (e.g., ac¬ 
romial fibers of the deltoid) or (2) may have the 
tendon lying within its center and the muscle fibers 
passing to it from all sides, converging as they go 
(e.g., tibialis anterior ). 

For a given volume of muscle substance, pennate 
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muscles have many more fibers as compared with 
muscles with parallel arranged fibers, and they are 
therefore more powerful; in other words, range of 
movement has been sacrificed to strength. 


Muscle Tone and Muscle Action 

A motor unit consists of a motor neuron in the an¬ 
terior gray horn or column of the spinal cord and 
all the muscle fibers it supplies (Fig. 1-12). In a 
large buttock muscle, such as the gluteus marimus, 
where fine control is unnecessary, a given motor 
neuron may supply as many as 200 muscle fibers. 
In contrast, in the small muscles of the hand or the 
extrinsic muscles of the eyeball, where fine control 
is required, one nerve fiber supplies only a few 
muscle fibers. 

While resting, every skeletal muscle is in a partial 
state of contraction. This condition is referred to as 
muscle tone. Since muscle fibers are either fully 
contracted or relaxed, there being no intermediate 
stage, it follows that a few muscle fibers within a 
muscle are fullv contracted all the time. To brim; 
about this state and to avoid fatigue, different 
groups of motor units, and thus different groups of 
muscle fibers, are brought into action at different 
times. This is accomplished bv the asynchronous 
discharge of nervous impulses in the motor neu¬ 
rons in the anterior gray horn of the spinal cord. 

Basically, muscle tone is dependent on the integ¬ 
rity of a simple monosynaptic reflex arc composed 
of two neurons in the nervous system (Fig. 1-13). 
The degree of' tension in a muscle is detected bv 
sensitive sensory endings called muscle spindles 
and tendon spindles (Fig. 1-13). The nervous im¬ 
pulses travel in the afferent neurons that enter the 
spinal cord. There, they synapse with the motor 
neurons situated in the anterior gray horn, which, 
in turn, send impulses down their axons to the 
muscle fibers (Fig. 1-13). Should the afferent or ef¬ 
ferent pathways of this simple reflex arc be cut, the 
muscle would immediately lose its tone and be¬ 
come flaccid. A flaccid muscle on palpation feels 
like a mass of dough and has completely lost its 
resilience. It quickly atrophies and becomes re¬ 
duced in volume. It is important to realize that the 
degree of activity of the motor anterior horn cells, 
and therefore the degree of muscle tone, depends 
on the summation of the nerve impulses received 



Nerve endings in voluntary muscle 

Fig. 1-12. Components of a motor unit. 


by these cells from other neurons of the nervous 
system. 

Muscle movement is accomplished by bringing 
into action increasing numbers of motor units and 
at the same time reducing the activity of the motor 
units of muscles that will oppose or antagonize the 
movement. When the maximum effort is required, 
all the motor units of a muscle are thrown into ac¬ 
tion. 

It is important to understand that all movements 
are the result of the coordinated action of many 
muscles. However, to understand a muscle’s action 
it is necessary to study it individually. 

A muscle may work in the following ways: as (1) 
a prime mover, (2) an antagonist, (3) a fixator, and 
(4) a synergist. 
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B 


Fig. 1-13. (A) Simple reflex arc consisting of affer¬ 
ent neuron arising from muscle spindles and ten¬ 
don spindles and efferent neuron whose cell body 
lies in anterior gray horn of spinal cord. (B) Axon 
from motor neuron ending on muscle fiber at mo¬ 
tor end plate. (C) Structure of muscle spindle. 


Prime Mover 

A muscle is a prime mover when it is the chief 
muscle or member of a chief group of muscles re¬ 
sponsible for a particular movement. For example, 
the quadriceps femoris is a prime mover in the 
movement of extending the knee joint (Fig. 1-14). 


Antagonist 

Any muscle that opposes the action of the prime 
mover is an antagonist. For example, the biceps 
femoris opposes the action of the quadriceps fem¬ 
oris when the knee joint is extended (Fig. 1-14). Be¬ 
fore a prime mover can contract, there must be 
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quadriceps 
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equal relaxation of the antagonist muscle; this is 
brought about by nervous reflex inhibition. 


Fixator 

This is a muscle that contracts isometrically to sta¬ 
bilize the origin of the prime mover so that it may 
act efficiently. For example, the muscles attaching 
the shoulder girdle to the trunk contract as fixators 
to allow the deltoid to act on the shoulder joint 
(Fig. 1-14). 


Synergist 

There are many examples in the body where the 
prime-mover muscle crosses a number of joints be¬ 
fore it reaches the joint at which its main action 
takes place. To prevent unwanted movements in an 
intermediate joint, groups of muscles called syn¬ 
ergists contract and stabilize the intermediate 
joints. For example, the flexor and extensor muscles 
of the carpus contract to fix the wrist joint, and this 
allows the long flexor and extensor muscles of the 
fingers to work efficiently (Fig. 1-14). 

It should be understood that these are terms ap¬ 
plied to the action of a particular muscle during a 
particular movement; many muscles can act as a 
prime mover, an antagonist, a fixator, or a syner¬ 
gist, depending on the movement to be accom¬ 
plished. 


Ner've Supply of Skeletal Muscles 

The nerve trunk to a muscle is a mixed nerve, 
about 60 percent being motor and 40 percent, sen¬ 
sory, and it also contains some sympathetic auto¬ 
nomic fibers. The nerve enters the muscle at about 


Fig. 1-14. The different types of muscle action. (A) 
Quadriceps femoris extending knee as a prime 
mover and biceps femoris acting as antagonist. (B) 
Biceps femoris flexing knee as a prime mover and 
quadriceps acting as antagonist. (C) Muscles 
around shoulder girdle fixing scapula so that 
movement of abduction can take place at shoulder 
joint. (D) Flexor and extensor muscles of carpus 
acting as synergists and stabilizing carpus so that 
long flexor and extensor tendons can flex and ex¬ 
tend fingers. 


the midpoint on its deep surface, often near the 
margin; the place of entrance is known as the mo¬ 
tor point . This arrangement allows the muscle to 
move with the minimum interference with the 
nerve trunk. 

The motor fibers are of two types: the larger al¬ 
pha fibers derived from large cells in the anterior 
gray horn, and the smaller gamma fibers derived 
from smaller cells in the spinal cord. Each fiber 
is myelinated and ends by dividing into many 
branches, each of which ends on a muscle fiber at 
the motor end plate (Fig. 1-13). Each muscle fiber 
has at least one motor end plate; the longer fibers 
possess more. 

The sensory fibers are myelinated and arise from 
specialized sensory endings lying within the muscle 
or tendons called muscle spindles or tendon spin¬ 
dles, respectively. These endings are stimulated by 
tension in the muscle, which may occur during ac¬ 
tive contraction or by passive stretching. The func¬ 
tion of these sensory fibers is to convey to the cen¬ 
tral nervous system information regarding the 
degree of tension of the muscles. This is essential 
for the maintenance of muscle tone and body pos¬ 
ture and for carrying out coordinated voluntary 
movements. 

The sympathetic fibers are nonmyelinated and 
pass to the smooth muscle in the walls of the blood 
vessels supplving the muscle. Their function is to 
regulate the blood flow to the muscles. 

o 


SMOOTH MUSCLE 

Smooth muscle consists of long, spindle-shaped 
cells closely arranged in bundles or sheets. In the 
tubes of the body it provides the motive power for 
propelling the contents through the lumen. In the 
digestive system it also causes the ingested food to 
be thoroughly mixed with the digestive juices. A 
wave of contraction of the circularly arranged fi¬ 
bers passes along the tube, milking the contents 
onward. Bv their contraction the longitudinal fi¬ 
bers pull the wall of the tube proximally over the 
contents. This method of propulsion is referred to 
as peristalsis. 

In storage organs such as the urinary bladder or 
the uterus, the fibers are irregularly arranged and 
interlaced with one another. Their contraction is 
slow and sustained and brings about the expulsion 
of the contents of the organs. In the walls of the 
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blood vessels the smooth muscle fibers are ar¬ 
ranged circularly, and they serve to modify the cal¬ 
iber of the lumen. 

Depending on the organ, smooth muscle fibers 
may be made to contract by local stretching of the 
fibers, by nerve impulses from autonomic nerves, 
or by hormonal stimulation. 


CARDIAC MUSCLE 

Cardiac muscle consists of striated muscle fibers 
that branch and unite with each other. It is found 
in the myocardium of the heart. Its fibers tend to 
be arranged in whorls and spirals, and they have 
the property of spontaneous and rhythmical con¬ 
traction. Specialized cardiac muscle fibers form 
the conducting system of the heart. 

Cardiac muscle is supplied by autonomic nerve 
fibers that terminate in the nodes of the conducting 
svstem and in the myocardium. 


Joints 

The site where two or more bones come together, 
whether or not there is movement between them, 
is called a joint. Joints are classified according to 
the tissues that lie between the bones: fibrous 
joints, cartilaginous joints, and synovial joints. 


FIBROUS JOINTS 

The articulating surfaces of the bones are joined bv 
fibrous tissue (Fig. 1-15), and thus very little move¬ 
ment is possible. The degree of movement depends 
on the length of the collagen fibers uniting the 
bones. The sutures of the vault of the skull and the 
inferior tibiofibular joints are examples of fibrous 
joints. 


CARTILAGINOUS JOINTS 

Cartilaginous joints maybe divided into two types, 
primary and secondary. A primary cartilaginous 
joint is one in which the bones are united by a plate 
or bar of hyaline cartilage. Thus, the union be¬ 
tween the epiphysis and the diaphysis of a growing 
bone and that between the first rib and the man¬ 
ubrium sterni are examples of such a joint. No 
movement is possible. 

A secondary cartilaginous joint is one in which 


the bones are united by a plate of fibrocartilage, 
and the articular surfaces of the bones are covered 
by a thin layer of hyaline cartilage. Examples are 
the intervertebral joints (Fig. 1-15) and the sym¬ 
physis pubis. The amount of movement possible is 
dependent on the physical qualities of the fibrocar¬ 
tilage. (See Pelvic Joints, p. 328.) 


SYNOVIAL JOINTS 

The articular surfaces of the bones are covered bv 
a thin layer of hyaline cartilage separated by a joint 
cavity (Fig. 1-15). This arrangement permits a 
great degree of freedom of movement. The cavity 
of the joint is lined by synovial membrane , which 
extends from the margins of one articular surface 
to those of the other. The synovial membrane is 
protected on the outside by a tough fibrous mem¬ 
brane referred to as the capsule of the joint. The 
articular surfaces are lubricated by a viscous fluid 
called synovial fluid. In certain synovial joints, for 
example, in the knee joint, discs or wedges of fibro¬ 
cartilage are interposed between the articular sur¬ 
faces of the bones. These arc referred to as articular 
discs. 

Fatty pads are found in some synovial joints 
lying between the synovial membrane and the fi¬ 
brous capsule or bone. Examples are found in the 
hip (Fig. 1-15) and knee joints. 

The degree of movement in a synovial joint is 
limited by the shape of the bones participating in 
the joint, the coming together of adjacent anatom¬ 
ical structures (for example, the thigh against the 
anterior abdominal wall on flexing the hip joint), 
and the presence of fibrous ligaments uniting the 
bones. Most ligaments lie outside the joint capsule, 
but in the knee some important ligaments, the cru¬ 
ciate ligaments , lie within the capsule (Fig. 1-17). 


TYPES OF SYNOVIAL JOINTS 

Synovial joints mav be classified according to the 
arrangement of the articular surfaces and the types 
of movement that are possible. 

1. plane joints. In these joints, the apposed artic¬ 
ular surfaces are flat or almost flat, and this per¬ 
mits the bones to slide upon one another. Ex¬ 
amples of plane joints are the sternoclavicular 
and acromioclavicular joints (Fig. 1-16). 
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Fig. 1-15. Examples of three types of joints: (A) fi¬ 
brous joint (coronal suture of skull), (B) cartilagi¬ 
nous joint (joint between two lumbar vertebral 
bodies), and (C) synovial joint (hip joint). 
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2. hingejoints. These joints resemble the hinge on 
a door, so that flexion and extension movements 
are possible. Examples of hinge joints are the el¬ 
bow, knee, and anlde joints (Fig. 1-16). 

3. pivot JOINTS. In these joints, there is a central 
bony pivot surrounded bv a bonv-ligamentous 
ring (Fig. 1-16). In this type of joint, rotation is 
the only movement possible. The atlanto-axial 
and superior radioulnar joints are good exam¬ 
ples. 

4. condyloid joints. These joints have two dis¬ 
tinct convex surfaces that articulate with two 
concave surfaces. The movements of flexion, ex¬ 
tension, abduction, and adduction are possible 
together with a small amount of rotation. The 
metacarpophalangeal joints or knuckle joints are 
good examples (Fig. 1-16). 

5. ellipsoid JOINTS. In these joints, there is an el¬ 
liptical convex articular surface that fits into an 
elliptical concave articular surface. The move¬ 
ments of flexion, extension, abduction, and ad¬ 
duction can take place, but rotation is impossi¬ 
ble. The wrist joint is a good example (Fig. 1-16). 

6. SADDLE JOINTS. In these joints, the articular sur¬ 
faces are reciprocally concavoconvex and resem¬ 
ble a saddle on a horse’s back. These joints per¬ 
mit flexion, extension, abduction, adduction, 
and rotation. The best example of this type of 
joint is the carpometacarpal joint of the thumb 
(Fig. 1-16). 

7. ball-and-socket JOINTS. In these joints, a ball¬ 
shaped head of one bone fits into a socket-like 
concavity of another. This arrangement permits 
veiy free movements, including flexion, exten¬ 
sion, abduction, adduction, medial rotation, lat¬ 
eral rotation, and circumduction. The shoulder 
and hip joints are good examples of this type of 
joint (Fig. 1-16). 


Fig. 1-16. Examples of the different types of syno¬ 
vial joints: (1) plane joints (sternoclavicular and 
acromioclavicular joints), (2) hinge joint (elbow 
joint), (3) pivot joint (atlanto-axial joint), (4) condy¬ 
loid joint (metacarpophalangeal joint), (5) ellipsoid 
joint (wrist joint), (6) saddle joint (carpometacar¬ 
pal joint of the thumb), and (7) ball-and-socket 
joint (hip joint). 


JOINT STABILITY 

The stability of a joint depends on three main fac¬ 
tors: (1) the shape, size, and arrangement of the 
articular surfaces, (2) the ligaments, and (3) the 
tone of the muscles around the joint. 


Articular Surfaces 

The ball-and-socket arrangement of the hip joint 
(Fig. 1-17) and the mortise arrangement of the an¬ 
kle joint are good examples of how bone shape 
plavs an important role in joint stability. There are 
other examples of joints, however, in which the 
shape of the bones contributes little or nothing to 
the stability; for example, the acromioclavicular 
joint, the calcaneocuboid joint, and the knee joint. 


Ligaments 

Fibrous ligaments will prevent excessive movement 
in a joint (Fig. 1-17), but if the stress is continued 
excessivelv long, then fibrous ligaments stretch. For 
example, the ligaments of the joints between the 
bones forming the arches of the feet will not by 
themselves support the weight of the body. Should 
the tone of the muscles that normally support the 
arches become impaired by fatigue, then the liga¬ 
ments will stretch and the arches will collapse, 
producing//^// feet. 

Elastic ligaments , on the other hand, return to 
their original length after stretching. The elastic 
ligaments of the auditory ossicles play an active 
part in supporting the joints and assisting in the 
return of the bones to their original position after 
movement. 


Muscle Tone 

In most joints, muscle tone is the major factor con¬ 
trolling stability. For example, the muscle tone of 
the short muscles around the shoulder joint keeps 
the hemispherical head of the humerus in the shal¬ 
low glenoid cavity. Without the action of these 
muscles, very little force would be required to dis¬ 
locate this joint. The knee joint is very unstable 
without the tonic activity of the quadriceps femoris 
muscle. The joints between the small bones form¬ 
ing the arches of the feet are largely supported by 
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Fig. 1-17, The three main factors responsible for 
stabilizing a joint, (A) Shape of articular surfaces, 

(B) ligaments, and (C) muscle tone. 
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the tone of the muscles of the leg, whose tendons 
are inserted into the bones of the feet (Fig. 1-17). 


NERVE SUPPLY OF JOINTS 

The capsule and ligaments receive an abundant 
sensory nerve supply. The blood vessels receive 
autonomic sympathetic fibers. The cartilage cov¬ 
ering the articular surfaces possesses only a few 
nerve endings near its edges. Overstretching of the 
capsule and ligaments produces reflex contraction 
of muscles around the joint; excessive stretching 
produces pain. The stretch receptors in the capsule 
and ligaments are continually sending propriocep¬ 
tive information up to the central nervous system, 
keeping it informed of the position of the joints. 
This supplements the information passing to the 
nervous system from the muscle and tendon spin¬ 
dles, helps to maintain postural tone, and coordi¬ 
nates voluntary movements. 

The sympathetic fibers control the blood supply 
to the joint. 

Hilton’s Law. A nerve supplying a joint also sup¬ 
plies the muscles moving the joint and the skin over 
the insertions of these muscles. 


Ligaments 

A ligament is a cord or band of connective tissue 
uniting two structures. Commonly found in asso¬ 
ciation with joints, ligaments are of two types: The 
majority are composed of dense bundles of colla¬ 
gen fibers and are unstretchable under normal 
conditions (e.g., iliofemoral ligament of the hip 
joint and the collateral ligaments of the elbow joint. 
The second type is composed largely of elastic tis¬ 
sue and can therefore regain its original length 
after stretching (e.g., ligamenturn flavum of the 
vertebral column and the calcaneonavicular liga¬ 
ment of the foot). 


Bursae 

A bursa is a lubricating device consisting of a 
closed fibrous sac lined with a delicate smooth 
membrane. Its walls are separated by a film of vis¬ 
cous fluid. Bursae are found wherever tendons rub 
against bones, ligaments, or other tendons. They 
are commonly found close to joints where the skin 
rubs against underlying bony structures, e.g., the 


prepatellar bursa (Fig. 1-18). Occasionally, the cav¬ 
ity of a bursa communicates with the cavity of a 
synovial joint. For example, the suprapatellar 
bursa communicates with the knee joint (Fig. 1- 
18), and the subscapularis bursa communicates 
with the shoulder joint. 


Synovial Sheath 

A synovial sheath is a tubular bursa that surrounds 
a tendon. The tendon invaginates the bursa from 
one side so that the tendon becomes suspended 
within the bursa by a mesotendon (Fig. 1-18). The 
mesotendon enables blood vessels to enter the ten¬ 
don along its course. In certain situations, where 
the range of movement is extensive, the mesoten¬ 
don disappears or remains in the form of narrow 
threads, the vincula (e.g., the long flexor tendons 
of the fingers and toes). 


Blood Vessels 

Blood vessels are of three types: arteries, veins, and 
capillaries (Fig. 1-19). 

The arteries convey blood from the heart and 
distribute it to the various tissues of the body by 
means of their branches (Fig. 1-19 and 20). The 
smallest arteries, less than 0.1 mm in diameter, are 
referred to as arterioles. The union of branches of 
arteries is called an anastomosis. There are no 
valves in arteries. 

Anatomical end arteries (Fig. 1-20) are vessels 
whose terminal branches do not anastomose with 
branches of arteries supplying adjacent areas. 
Functional end arteries are vessels whose terminal 
branches do anastomose with those of adjacent ar¬ 
teries, but the caliber of the anastomosis is insuf¬ 
ficient to keep the tissue alive should one of the 
arteries become occluded. 

The veins are vessels that convey blood back to 
the heart; many of them possess valves. The small¬ 
est veins are called venules (Fig. 1-20). The smaller 
veins, or tributaries , unite to form larger veins, 
which commonly join with one another to form 
venous plexuses. Medium-sized deep arteries are 
often accompanied by two veins, one on each side, 
called venae comitantes. 

Veins leaving the gastrointestinal tract do not go 
directly to the heart, but converge on the portal 
vein; this enters the liver and breaks up again into 
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Fig. 1-18. (A) Four bursae related to front of knee 
joint. Note that suprapatellar bursa communicates 
with cavity of joint. (B) Synovial sheaths around 
long tendons of fingers. (C) How tendon indents 
synovial sheath during development, and how 
blood vessels reach tendon through mesotendon. 






























Some Basic Anatomical Structures 23 


right common carotid artery 
right internal jugular vein 

,r\ 

right 

subclavian vessels 


arch of aorta 



pulmonary trunk 

\-cavity of left atrium 


pulmonary 

circulation 

\ 

cavity of 
right atrium 

cavity of ri 
ventricl 


cavity of left ventricle 
inferior vena cava 


hepatic vei 


celiac artery 

superior mesenteric artery 
inferior mesenteric artery 


portal 


intestinal 
arteries and veins 


Fig. 1-19. General plan of blood vascular system. 
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Fig. 1-20. The different types of blood vessels and 
their methods of union. (A) Anastomosis between 
branches of the superior mesenteric artery. (B) A 
capillary network and an arteriovenous anastomo¬ 
sis. (C) Anatomical end artery and functional end 
artery . (D) A portal system. (E) Structure of bicus¬ 
pid valve in a vein. 
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veins of diminishing size, which ultimately join 
capillary-like vessels, termed sinusoids, in the liver 
(Fig. 1-20). A portal system is thus a system of ves¬ 
sels interposed between two capillary beds. 

The capillaries are microscopic vessels in the 
form of a network connecting the arterioles to the 
venules (Fig. 1-20). 

In some areas of the body, principally the tips of 
the fingers and toes, there are direct connections 
between the arteries and veins without the inter¬ 
vention of capillaries. The sites of such connections 
are referred to as arteriovenous anastomoses (Fig. 
1 - 20 ). 


Lvmphatic System 

%/ _ M. __ 

Lymph is the name given to tissue fluid once it has 
entered a lymph vessel. Lymph capillaries are the 
network of fine vessels draining lymph from the 
tissues. The lymph capillaries are in turn drained 
by small lymph vessels , which unite to form large 
lymph vessels. Lymph vessels have a beaded ap¬ 
pearance due to the presence of numerous valves 
along their course. 

Lymph ultimately drains into the bloodstream, 
but before it does so, it passes through at least one 
lymph node and often through several. The lymph 
vessels that carry lvmph to a lvmph node are re¬ 
ferred to as afferent vessels (Fig. 1-21); those that 
transport it awav from a node are efferent vessels. 
The lvmph reaches the bloodstream at the root of 
the neck bv large lvmph vessels called the right 
lymphatic duct and the thoracic duct (Fig. 1-21). 


Nervous System 

______ 

The nervous system is divided into two main parts, 
the centred nervous system , consisting of the brain 
and spinal cord, and the peripheral nervous system, 
consisting of the cranial and spinal nerves and their 
associated ganglia. 

The central nervous system is composed of large 
numbers of nerve cells and their processes, sup¬ 
ported by specialized tissue called neuroglia. The 
neuron is the name given to the nerve cell and all 
its processes. The long processes of a nerve cell are 
called aeons, or nerve fibers (Fig. 1-24). 

The interior of the central nervous system is or¬ 
ganized into gray and white matter. Gray matter 
consists of nerve cells and the proximal portions of 


their processes embedded in neuroglia. White mat¬ 
ter consists of nerve fibers embedded in neuroglia. 

In the peripheral nervous system the cranial and 
spinal nerves are seen on dissection to be cords of 
grayish white color. They are made up of bundles 
of nerve fibers supported by delicate areolar tissue. 

There are 12 pairs o f cranial nerves that leave the 
brain and pass through foramina in the skull. 
There are 31 pairs of spinal nerves that leave the 
spinal cord and pass through intervertebral foram¬ 
ina in the vertebral column (Figs. 1-22 and 1-23). 
The spinal nerves are named according to the re¬ 
gions of the vertebral column with which they are 
associated: 8 cervical, 12 thoracic, 5 lumbar, 5 sa¬ 
cral, and 1 cocqgeal. Note that there are 8 cervical 
nerves and only 7 cervical vertebrae and that there 
are 1 coccygeal nerve and 4 coccygeal vertebrae. 

Each spinal nerve is connected to the spinal cord 
by two roots, the anterior root and the posterior- 
root (Figs. 1-23 and 1-24). The anterior root con¬ 
sists of bundles of nerve fibers carrying nerve im¬ 
pulses awav from the central nervous system (Fig. 
1-24). Such nerve fibers are called efferent fibers. 
Those efferent fibers that go to skeletal muscle and 
cause them to contract are called motor fibers. 
Their cells of origin lie in the anterior gray horn of 
the spinal cord. 

The posterior root consists of bundles of nerve 
fibers that carry impulses to the central nervous 
system and are called afferent fibers (Fig. 1-24). 
Since these fibers are concerned with conveying in¬ 
formation about sensations of touch, pain, temper¬ 
ature, and vibrations, they are called sensory fibers. 
The cell bodies of these nerve fibers are situated in 
a swelling on the posterior root called the posterior- 
root ganglion (Figs. 1-23 and 1-24). 

At each intervertebral foramen the anterior and 
posterior roots unite to form a spinal nerve (Fig. 1- 

23) . Here, the motor and sensory fibers become 
mixed together, so that a spinal nerve is made up 
of a mixture of motor and sensory fibers (Fig. 1- 

24) . On emerging from the foramen, the spinal 
nerve divides into a large anterior ramus and a 
smaller posterior ramus. The posterior ramus 
passes posteriorly around the vertebral column to 
supply the muscles and skin of the back (Figs. 1-23 
and 1-24). The anterior ramus continues anteriorly 
to supply the muscles and skin over the anterolat¬ 
eral body wall and all the muscles and skin of the 
limbs. 
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Fig. 1-21. (A) Thoracic duct and right lymphatic 
duct and their main tributaries. (B) The areas of 
body drained into thoracic duct (clear) and right 
lymphatic duct (black). (C) General structure of a 
lymph node. (D) Lymph vessels and nodes of upper 
limb. 
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Fig, 1-22. Brain, spinal cord, spinal nerves, and 
plexuses of limbs. 
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posterior root 



Fig. 1-23. The association between spinal cord, 
spinal nerves, and sympathetic trunks. 


At the root of the limbs the anterior rami join 
one another to form complicated nerve plexuses 
(Fig. 1-22). At the root of the arms are the cervical 
and brachial plexuses , and at the root of the legs, 
the lumbar and sacral plexuses. 

It is important to realize that the classic division 
of the nervous system into central and peripheral 
parts is purely artificial and one of descriptive con¬ 
venience, since the processes of the neurons pass 
freely between the two. For example, a motor neu¬ 
ron located in the anterior gray horn of the first 
thoracic segment of the spinal cord gives rise to an 
axon that passes through the anterior root of the 
first thoracic nerve (Fig. 1-25), through the bra¬ 
chial plexus, travels down the arm and forearm in 
the ulnar nerve, and finally reaches the motor end 
plates on several muscle fibers of a small muscle of 
the hand—a total distance of about 90 cm (3 feet). 

To take another example: Consider the sensation 
of touch felt on the lateral side of the little toe. This 
area of skin is supplied by the first sacral segment 


of the spinal cord (SI). The fine terminal branches 
of the sensory axon, called dendrites , leave the sen¬ 
sory organs of the skin and unite to form the axon 
of the sensory nerve. The axon passes up the leg in 
the sural nerve (Fig. 1-25) and then in the tibial 
and sciatic nerves to the lumbosacral plexus. It 
then passes through the posterior root of the first 
sacral nerve to reach the cell body in the posterior 
root ganglion of the first sacral nerve. The central 
axon now enters the posterior white column of the 
spinal cord and passes up to the nucleus gr'acilis in 
the medulla oblongata —a total distance of about 
IV 2 m (5 feet). Thus, a single neuron extends from 
the little toe to the inside of the skull. 

Both these examples illustrate the extreme length 
of a single neuron. 
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Fig. 1-24. (A) Multipolar motor neuron with con¬ 
nector neuron svnapsing with it. (B) Section 
through thoracic segment of spinal cord with 
spinal roots and posterior root ganglion. (C) Cross 
section of thoracic segment of spinal cord, show¬ 
ing roots, spinal nerve, and anterior and posterior 
rami and their branches. 
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Fig. 1-25. Tvvo neurons that pass from central to pe¬ 
ripheral nervous system. (A) Afferent neuron that 
extends from little toe to brain. (B) Efferent neuron 
that extends from anterior gray horn of first tho¬ 
racic segment of spinal cord to small muscle of 
hand. 
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Autonomic Nervous System 

The autonomic nervous system is the part of the 
nervous system concerned with the innervation of 
involuntary structures such as the heart, smooth 
muscle, and glands throughout the body. It is dis¬ 
tributed throughout the central and peripheral 
nervous system. The autonomic system may be di¬ 
vided into two parts, the sympathetic and the para¬ 
sympathetic, and in both parts there are afferent 
and efferent nerve fibers. 

The activities of the svmpathetic part of the 
autonomic system prepare the body for an emer¬ 
gency. It accelerates the heart rate, causes constric¬ 
tion of the peripheral blood vessels, and raises the 
blood pressure. The svmpathetic part of the auto¬ 
nomic system brings about a redistribution of the 
blood so that it leaves the areas of the skin and 
intestine and becomes available to the brain, heart, 
and skeletal muscle. At the same time it inhibits 

Fig. 1-26. General arrangement of somatic part of 
nervous system (on left) compared with autonomic 
part of nervous system (on right). 


peristalsis of the intestinal tract and closes the 
sphincters. 

The activities of the parasympathetic part of the 
autonomic system aim at conserving and restoring 
energy. They slow the heart rate, increase peristal¬ 
sis of the intestine and glandular activity, and open 
the sphincters. 


THE SYMPATHETIC PART OF THE 
AUTONOMIC SYSTEM 

Efferent Nerve Fibers 

The gray matter of the spinal cord, from the first 
thoracic segment to the second lumbar segment, 
possesses a lateral horn, or column, in which are 
located the cell bodies of the svmpathetic connec¬ 
tor neurons (Fig. 1-26). The myelinated axons of 
these cells leave the spinal cord in the anterior 
nerve roots and then pass via the white rami com- 
municantes to the paravertebral ganglia of the 
sympathetic trunk (Figs. 1-23, 1-26, and 1-27). The 
connector cell fibers are called preganglionic as 


posterior root lateral gray 
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Fig. 1-27. Efferent part of autonomic nervous sys¬ 
tem. Preganglionic parasympathetic fibers are 
shown in solid blue, postganglionic parasympa¬ 
thetic fibers, in interrupted blue. Preganglionic 
sympathetic fibers are shown in solid red, post¬ 
ganglionic sympathetic fibers, in interrupted red. 
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they pass to a peripheral ganglion. Once the pre¬ 
ganglionic fibers reach the ganglia in the sympa¬ 
thetic trunk, they may pass to the following desti¬ 
nations: 

1. They may terminate in the ganglion they have 
entered bv svnapsing with an excitor cell in the 
ganglion (Fig. 1-26). A synapse may be defined 
as the site where two neurons come into close 
proximity but not into anatomical continuity. 
The gap between the two neurons is bridged by 
a neurotransmitter substance, acetylcholine. The 
axons of the excitor neurons leave the ganglion 
and are nonmyelinated. These postganglionic 
nerve fibers now pass to the thoracic spinal 
nerves as gray rami communicantes and are dis¬ 
tributed in the branches of the spinal nerves to 
supply the smooth muscle in the walls of blood 
vessels, the sweat glands, and the arrector pili 
muscles of the skin. 

2. Those fibers entering the ganglia of the sympa¬ 
thetic trunk high up in the thorax mav travel up 
in the sympathetic trunk to the ganglia in the 
cervical region, where they svnapse with excitor 
cells (Figs. 1-26 and 1-27). Here again, the post¬ 
ganglionic nerve fibers leave the sympathetic 
trunk as gray rami communicantes, and most of 
them join the cervical spinal nerves. Many of the 
preganglionic fibers entering the lower part of 
the sympathetic trunk from the lower thoracic 
and upper two lumbar segments of the spinal 
cord travel down to ganglia in the lower lumbar 
and sacral regions, where they synapse with ex¬ 
citor cells (Fig. 1-27). The postganglionic fibers 
leave the sympathetic trunk as gray rami com¬ 
municantes that join the lumbar, sacral, and 
coccygeal spinal nerves. 

3. The jregan glio nic fibers may pass t hrough the 
ganglia on t he th oraci c part of the sym pathet ic 
trunk without syn apging. These myelinated fi¬ 
bers form th esp Umchnic ne ryeS (Fig. 1-27), of 
which there are Three. The greater splanchnic 
nerve arises from the fifth to the ninth thoracic 
ganglia, pierces the diaphragm, and synapses 
with excitor cells in the ganglia of the celiac 
plexus. The lesser splanchnic nerve arises from 
the tenth and eleventh ganglia, pierces the dia¬ 
phragm, and svnapses with excitor cells in the 
ganglia of the lower part of the celiac plexus. 
The lowest splanchnic nerve (when present) 


arises from the twelfth thoracic ganglion, 
pierces the diaphragm, and svnapses with exci¬ 
tor cells in the ganglia of the renal plexus. The 
splanchnic nerves are therefore composed of 
preganglionic fibers. The postganglionic fibers 
arise from the excitor cells in the peripheral plex¬ 
uses previously noted and are distributed to the 
smooth muscle and glands of the viscera. A few 
preganglionic fibers traveling in the greater 
splanchnic nerve end directly on the cells of the 
suprarenal medulla. These medullary cells may 
be regarded as modified sympathetic excitor 
cells. 


Afferent Nerve Fibers 

The afferent myelinated nerve fibers travel from 
the viscera through the sympathetic ganglia with¬ 
out svnapsing (Fig. 1-26). They enter the spinal 
nerve via the white rami communicantes and reach 
their cell bodies in the posterior root ganglion of 
the corresponding spinal nerve. The central axons 
then enter the spinal cord and may form the affer¬ 
ent component of a local reflex arc. Others mav 
pass up to higher autonomic centers in the brain. 


THE PARASYMPATHETIC PART OF THE 
AUTONOMIC NERVOUS SYSTEM 

Efferent Nerve Fibers 

The connector cells of this part of the system are 
located in the brain and the sacral segments of the 
spinal cord (Fig. 1-27). Those in the brain form 
parts of the nuclei of origin of cranial nerves 3, 7, 
9, and 10, and the axons emerge from the brain 
contained in the corresponding cranial nerves. 

The sacral connector cells are found in the gray 
matter of the second, third, and fourth sacral seg¬ 
ments of the cord. These cells are not sufficiently 
numerous to form a lateral gray horn, as do the 
sympathetic connector cells in the thoracolumbar 
region. The myelinated axons leave the spinal cord 
in the anterior nerve roots of the corresponding 
spinal nerves. Thev then leave the sacral nerves and 
form the pelvic splanchnic neives. 

All the efferent fibers described so far are pre¬ 
ganglionic, and they svnapse with excitor cells in 
peripheral ganglia, which are usually situated close 
to the viscera they innervate. The cranial pregan- 
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glionic fibers relay in the ciliary, pteiygopalatine, 
submandibular, and otic ganglia (Fig. 1-27). The 
preganglionic fibers in the pelvic splanchnic nerves 
relav in ganglia in the pelvic plexuses. Characteristi¬ 
cally, the postganglionic fibers are nonmyelinated 
and are of relatively short length as compared with 
sympathetic postganglionic fibers. 


Afferent Nerve Fibers 

The afferent myelinated fibers travel from the vis¬ 
cera to their cell bodies located either in the sensory 
ganglia of the cranial nerves or in the posterior root 
ganglia of the sacrospinal nerves. The central axons 
then enter the central nervous system and take part 
in the formation of local reflex arcs, or pass to 
higher centers of the autonomic nervous system. 

It is important to realize that the afferent com¬ 
ponent of the autonomic system is in actual fact 
identical to the afferent component of somatic 
nerves and forms part of the general afferent seg¬ 
ment of the entire nervous system. The nerve end¬ 
ings in the autonomic afferent component may not 
be activated by such sensations as heat or touch, 
but rather bv stretch or lack of oxygen. Once the 
afferent fibers gain entrance to the spinal cord or 
brain, they are thought to travel alongside, or are 
mixed with, the somatic afferent fibers. 


Mucous Membranes 

Mucous membrane is the name given to the lining 
of organs or passages that communicate with the 
surface of the body. A mucous membrane consists 
essentially of a layer of epithelium supported by a 
layer of connective tissue, the lamina propria. 
Smooth muscle, called the muscularis mucosa, is 
sometimes present in the connective tissue. A mu¬ 
cous membrane may or mav not secrete mucus on 
its surface. 


Serous Membranes 

Serous membranes line the cavities of the trunk and 
are reflected onto the mobile viscera lying within 
these cavities (Fig. 1-28). They consist of a smooth 
layer of mesothelium supported by a thin layer of 
connective tissue. The serous membrane lining the 
wall of the cavity is referred to as the parietal layer, 
and that covering the viscera is called the visceral 



Fig. 1-28. Arrangement of pleura within thoracic 
cavitv. Note that under normal conditions pleural 
cavity is slidike space, parietal and visceral layers 
of pleura being separated by a small amount of 
serous fluid. 


layer. The narrow slitlike interval that separates 
these layers forms the pleural, pericardial, and per¬ 
itoneal cavities and contains a small amount of ser¬ 
ous liquid, the serous exudate. The serous exudate 
lubricates the surfaces of the membranes and al¬ 
lows the two layers to slide readily on each other. 

The mesenteries, omenta, and serous ligaments 
are described in other chapters of this book. 


Nerve Supply 

The parietal layer of a serous membrane is devel¬ 
oped from the somatopleure and is richly supplied 
bv spinal nerves. It is therefore sensitive to all com¬ 
mon sensations such as touch and pain. The vis¬ 
ceral layer is developed from the splanchnopleure 
and is supplied by autonomic nerves. It is insensi¬ 
tive to touch and temperature, but very sensitive to 
stretch. 


Bone 

Bone is a living tissue capable of changing its struc¬ 
ture as the result of the stresses to which it is sub¬ 
jected. Like other connective tissues, it consists of 
cells, fibers, and matrix. It is hard because of the 
calcification of its extracellular matrix and pos- 
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Fig. 1-29. The skeleton. (A) Anterior view. (B) Lat 
eral view. 
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Fig. 1-30. Sections of the different types of bones. 
(A) Long bone (humerus). (B) Irregular bone (cal- 
caneum). (C) Flat bone (two parietal bones sepa¬ 
rated by the sagittal suture). (D) Sesamoid bone 
(patella). (E) Note arrangement of trabeculae to act 
as struts to resist botii compression and tension 
forces in upper end of femur. 
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sesses a degree of elasticity due to the presence of 
organic fibers. Bone has a protective function; the 
skull and vertebral column, for example, protect 
the brain and spinal cord from injury; the sternum 
and ribs protect the thoracic and upper abdominal 
viscera (Fig. 1-29). It serves as a lever, as seen in 
the long bones of the limbs. It is an important stor¬ 
age area for calcium salts. It houses and protects 
within its cavities the delicate blood-forming bone 
marrow. 

Bone exists in two forms: compact and cancel¬ 
lous. Compact bone appears as a solid mass; can¬ 
cellous bone consists of a branching network of tra¬ 
beculae (Fig. 1-30). The trabeculae arc arranged in 
such a manner as to resist the stresses and strains 
to which the bone is exposed. 


CLASSIFICATION OF BONES 

Bones may be classified regionally or according to 
their general shape. The regional classification is 
summarized in Table 1-1. Bones may have the fol¬ 
lowing general shapes: (1) long and short bones, 
(2) irregular bones, (3) flat bones, and (4) sesa¬ 
moid bones. 

The long and short bones are found in the limbs; 
the flat and irregular bones, in the skull, vertebral 
column, and the limb girdles. The sesamoid bones 
are small nodules of bone that are found in certain 
tendons where thev rub over bonv surfaces. The 
greater part of a sesamoid bone is buried in the 
tendon and the free surface is covered with artic¬ 
ular cartilage. The function of a sesamoid bone is 
to reduce friction; it may also alter the direction of 
pull of a tendon. The largest sesamoid bone is the 
patella, which is situated in the tendon of the 
quadriceps femoris. Other examples are found in 
the tendons of flexor pollicis brevis and flexor hal- 
lucis brevis. 


Surface Markings of Bones 

The surfaces of bones show various markings or 
irregularities. Where bands of fascia, ligaments, 
tendons, or aponeuroses are attached to bone, the 
surface is raised or roughened. These roughenings 
are not present at birth. They appear at puberty 
and become progressively more obvious during 
adult life. The pull of these fibrous structures 


Table 1-1. Regional Classification of Bones 


Region of skeleton 

Number of bones 

Axial skeleton 


Skull 


Cranium 

8 

Face 

14 

Auditor} 7 ossicles 

G 

Hyoid 

1 

Vertebrae 

26 

Sternum 

1 

Ribs 

24 

Appendicular skeleton 


Shoulder Girdles 


Cavicle 

2 

Scapula 

2 

Upper extremities 


Humerus 

2 

Radius 

2 

Ulna 

2 

Carpals 

16 

Meta carpal s 

10 

Phalanges 

28 

Pelvic girdle 


Innominate (hip) bone 

2 

Lower extremities 


Femur 

2 

Patella 

2 

Fibula 

2 

Tibia 

2 

Tarsals 

14 

Metatarsals 

10 

Phalanges 

28 


206 

causes the periosteum to be raised and new bone 

to be deposited beneath. 


In certain situations the surface markings are 

large and arc given special 

names. Some of the 

more important markings are summarized in Ta- 

ble 1-2. 


BONE MARROW 


Bone marrow occupies the marrow cavity in long 
and short bones and the interstices of the cancel¬ 
lous bone in flat and irregular bones. At birth, the 












38 


1. Introduction 


Table 1-2. Surface Markings of Bones 


Bone marking Example 


Linear elevation 


Line 

Superior nuchal line of 
the occipital bone 

Ridge 

The medial and lateral 
supracondylar ridges of 
the humerus 

Crest 

The iliac crest of the 
innominate bone 

Rounded elevation 

Tubercle 

Pubic tubercle 

Protuberance 

External occipital 
protuberance 

Tuberosity 

Greater and lesser 
tuberosities of the 
humerus 

Malleolus 

Medial malleolus of the 
tibia and lateral 
malleolus of the fibula 

Trochanter 

Greater and lesser 
trochanters of the 
femur 

Sharp elevation 

Spine or spinous 

Ischial spine, spine of 

process 

vertebra 

Stvloid process 

Styloid process of 
temporal bone 

Expanded ends for articulation 

Head 

Head of humerus, head of 
femur 

Condyle (knuckle-like 

Medial and lateral 

process) 

condyles of femur 

Epicondvle (a 

Medial and lateral 

prominence situated 

epicondyles of femur 

just above condyle) 

Small flat area for articulation 

Facet 

Facet on head of rib for 
articulation with 
vertebral body 

Depressions 

Notch 

Greater sciatic notch of 
innominate bone 

Groove or sulcus 

Bicipital groove of 
humerus 


Table 1-2. (continued) 


Bone marking 

Example 

Fossa 

Olecranon fossa of 
humerus, acetabular 
fossa of innominate 
bone 

Openings 

Fissure 

Superior orbital fissure 

Foramen 

Infraorbital foramen of 
the maxilla 

Canal 

Carotid canal of temporal 
bone 

Meatus 

External acoustic meatus 
of temporal bone 


marrow of all the bones of the bodv is red and he¬ 
matopoietic. This blood-forming activity gradually 
lessens with age, and the red marrow is replaced 
bv yellow marrow. At 7 years of age, yellow'mar¬ 
row begins to appear in the distal bones of the 
limbs. This replacement of marrow gradually 
moves proximally, so that bv the time the person 
becomes adult, the red marrow is restricted to the 
bones of the skull, the vertebral column, the tho¬ 
racic cage, the girdle bones, and the head of the 
humerus and femur. 

All bone surfaces, other than the articulating 
surfaces, are covered by a thick layer of fibrous tis¬ 
sue called the periosteum. The periosteum has an 
abundant vascular supply, and the cells on its 
deeper surface are osteogenic. The periosteum is 
particularly well united to bone at sites where mus¬ 
cles, tendons, and ligaments are attached to bone. 
Bundles of collagen fibers known as Sharpey’s fi¬ 
bers extend from the periosteum into the underly¬ 
ing bone. The periosteum receives a rich nerve sup¬ 
ply and is very sensitive. 


Development of Bone 

Bone is developed by two methods: (1) membra¬ 
nous and (2) endochondral. In the first method the 
bone is developed directly from a connective tissue 
membrane; in the second, a cartilaginous model is 
first laid down and is later replaced by bone. For 
details of the cellular changes involved, a textbook 
of histology or embiyologv should be consulted. 
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The bones of the vault of the skull are developed 
rapidly bv the membranous method in the embryo, 
and this serves to protect the underiving developing 
brain. At birth, small areas of membrane persist 
between the bones. This is important clinically 
since it allows the bones a certain amount of mo¬ 
bility, so that the skull can undergo molding during 
its descent through the female genital passages. 

The long bones of the limbs are developed by en¬ 
dochondral ossification. It is a slow process and not 
completed until the eighteenth to twentieth year or 
even later. The center of bone formation found in 
the shaft of the bone is referred to as the diaphysis, 
the centers at the ends of the bone as the epiphyses. 
The plate of cartilage at each end, lying between 
the epiphysis and diaphysis in a growing bone, is 
called the epiphyseal plate. The metaphysis is that 
part of the diaphysis that abuts onto the epiphyseal 
plate. 


Cartilage 

Cartilage is a form of connective tissue in which the 
cells and fibers are embedded in a gel-like matrix, 
the latter being responsible for its firmness and re¬ 
silience. Except on the exposed surfaces in joints, it 
is covered by a fibrous membrane called the peri¬ 
chondrium. There are three types of cartilage: hya¬ 
line, fibrous, and elastic. 

Hyaline cartilage has a high proportion of amor¬ 
phous matrix that has the same refractive index as 
the fibers embedded in it. Throughout childhood 
and adolescence it plays an important part in the 
growth in length of long bones (epiphyseal plates 
are composed of hyaline cartilage). It has a great 
resistance to wear and covers the articular surfaces 
of nearly all synovial joints. It is incapable of repair 
when fractured; the defect is filled with fibrous tis¬ 
sue. 

Fibrocartilage has a large number of collagen fi¬ 
bers embedded in a small amount of matrix. It is 
found in the discs within joints (e.g., the temporo¬ 
mandibular joint, sternoclavicular joint, knee joint) 
and on the articular surfaces of the clavicle and 
mandible. If damaged, it repairs itself slowly in a 
manner similar to fibrous tissue elsewhere. Joint 
discs have a poor blood supply and therefore do not 
repair themselves if damaged. 

Elastic cartilage possesses large numbers of elas¬ 
tic fibers embedded in matrix. As would be ex¬ 


pected, it is very flexible and is found in the auricle 
of the ear, the external auditory meatus, the audi¬ 
tory tube, and the epiglottis. If damaged, it repairs 
itself with fibrous tissue. 

Hyaline cartilage and fibrocartilage tend to cal¬ 
cify or even ossify in later life. 


Effects of Sex, Race, and Age 
on Structure 

Descriptive anatomy tends to concentrate on a 
fixed descriptive form. Medical personnel must al¬ 
ways remember that there are sexual and racial 
differences and that the body’s structure and func¬ 
tion change as a person grows and ages. 

The adult male tends to be taller than the adult 
female and has longer legs; his bones are bigger 
and heavier and his muscles are larger. He has less 
subcutaneous fat, which makes his appearance 
more angular. His larynx is larger and his vocal 
cords are longer, so that his voice is deeper. He has 
a beard and coarse body hair. He possesses axillary 
and pubic hair, the latter extending to the region of 
the umbilicus. 

The adult female tends to be shorter than the 
adult male and has smaller bones and less bulkv 
muscles. She has more subcutaneous fat, fat accu¬ 
mulations in the breasts, buttocks, and thighs giv¬ 
ing her a more rounded appearance. Her head hair 
is finer and her skin is smoother in appearance. She 
has axillary and pubic hair, but the latter does not 
extend up to the umbilicus. The adult female has 
larger breasts and a wider pelvis than the male. She 
has a wider carrying angle at the elbow, which re¬ 
sults in a greater lateral deviation of the forearm 
on the arm. 

Until the age of approximately 10 years, boys and 
girls grow at about the same rate. Around 12 years, 
boys often start to grow faster than girls, so that 
most males reach adulthood taller than females. 

Puberty begins between ages 10 and 14 in girls 
and between 12 and 15 in boys. In the girl at pu¬ 
berty, the breasts enlarge and the pelvis broadens. 
At the same time, a boy’s penis, testes, and scrotum 
enlarge, and in both sexes axillary and pubic hair 
appear. 

Racial differences may be seen in the color of the 
skin, hair, and eyes, and in the shape and size of 
the eyes, nose, and lips. Africans and Scandina- 
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vians tend to be tall, due to long legs, whereas Ori¬ 
entals tend to be short, with short legs. The heads 
of central Europeans and Orientals also tend to be 
round and broad. 

After birth and during childhood, the bodi¬ 


ly functions become progressively more efficient, 
reaching their maximum degree of efficiency dur¬ 
ing young adulthood. During late adulthood and 
old age, many bodily functions become less effi¬ 
cient. 


CLINICAL NOTES _ 

DESCRIPTIVE ANATOMICAL 
TERMS 

It is important for medical students to have a 
sound knowledge and understanding of the basic 
anatomical terms. With the aid of a medical 
dictionary, you wall find that understanding ana¬ 
tomical terminology greatly assists you in the 
learning process. For example, when studying mus¬ 
cles, the names of the muscles often describe the 
arrangement of the muscle fibers (rectus abdom¬ 
inis), the location of the muscle (gluteus maxi- 
mus), the shape of the muscle (piriformis), the 
number of origins (triceps), and even the origin 
and the insertion (sternocleidomastoid). 

The accurate use of anatomical terms by medi¬ 
cal personnel enables them to communicate with 
their colleagues both nationally and internation¬ 
ally. Without anatomical terms, one cannot discuss 
or record accurately the abnormal functions of 
joints, the actions of muscles, the alteration of po¬ 
sition of organs, or the exact location of swellings 
or tumors. 


Skin 

A general knowledge of the direction of the lines of 
cleavage greatly assists the surgeon in making in¬ 
cisions that will result in cosmetically acceptable 
scars. This is particularly important in the case of 
women, and in those areas of the body not nor¬ 
mally covered by clothing. A salesman, for exam¬ 
ple, may lose his job if an operation leaves a hid¬ 
eous scar on his face. 

The nail folds, hair follicles, and sebaceous 
glands are common sites for the entrance into the 
underlying tissues of pathogenic organisms such 
as Staphylococcus aureus. Infection occurring be¬ 
tween the nail and the nail fold is called a paro¬ 


nychia. Infection of the hair follicle and sebaceous 
gland is responsible for the common boil. A car¬ 
buncle is a staphylococcal infection of the superfi¬ 
cial fascia. It frequently occurs in the nape of the 
neck and usually starts as an infection of a hair 
follicle or a group of hair follicles. 

A sebaceous cyst is due to obstruction of the 
mouth of a sebaceous duct and may be caused bv 
damage from a comb or by infection. It occurs 
most frequently on the scalp. 

A patient who is in a state of shock will be pale 
and exhibit stooseflesh due to overactivitv of the 

o 

sympathetic system, which causes vasoconstriction 
of the dermal arterioles and contraction of the ar- 
rector pili muscles. 

The depth of a burn determines the method and 
rate of healing. A partial skin thickness burn will 
heal from the cells of the hair follicles, sebaceous 
glands, and sweat glands, as well as from the cells 
at the edge of the burn. A burn that extends deeper 
than the sweat glands will heal very slowly from 
the edges only, and there will be considerable con¬ 
tracture caused by fibrous tissue. To speed up heal¬ 
ing and reduce the incidence of contracture, a deep 
burn should be grafted. 

Skin grafting is of two main types, split-thick¬ 
ness grafting and full-thickness grafting. In a split¬ 
thickness graft the greater part of the epidermis, 
including the tips of the dermal papillae, are re¬ 
moved from the donor site and placed on the recip¬ 
ient site. This leaves at the donor site for repair 
purposes the epidermal cells on the sides of the 
dermal papillae and the cells of the hair follicles 
and sweat glands. 

A full-thickness skin graft includes both the epi¬ 
dermis and dermis, and, to survive, requires the 
rapid establishment of a new circulation within it 
at the recipient site. The donor site is usually cov¬ 
ered with a split-thickness graft. In certain circum¬ 
stances the full-thickness graft is made in the form 
of a pedicle graft, in which a flap of full-thickness 
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skin is turned and stitched in position at the recip¬ 
ient site, leaving the base of the flap with its blood 
supply intact at the donor site. Later, when the new 
blood supply to the graft has been established, the 
base of the graft is cut across. 


Fasciae 

A knowledge of the arrangement of the deep fas¬ 
ciae wall often explain the path taken bv an infec¬ 
tion when it spreads from its primary' site. In the 
neck, for example, the various fascial planes ex¬ 
plain how infection can extend from the region of 
the floor of the mouth to the larynx. 


Muscle 

The determination of the tone of a muscle is an 
important clinical examination. If a muscle is 
found to be flaccid, then either the afferent or ef¬ 
ferent neurons or both neurons involved in the re¬ 
flex arc necessary for the production of muscle tone 
have been interrupted. For example, if the nerve 
trunk to a muscle is severed, both neurons will 
have been interrupted. If poliomyelitis has involved 
the motor anterior horn cells at a level in the spinal 
cord that innervates the muscle, the efferent motor 
neurons will not function. If, on the other hand, the 
muscle is found to be hypertonic, the possibility' ex¬ 
ists of a lesion involving higher motor neurons in 
the spinal cord or brain. 

It is unnecessary to emphasize the importance of 
knowing the main attachments of all the major 
muscles of the body. Only with such knowledge is 
it possible to understand the normal and abnormal 
actions of individual muscles or muscle groups. 
How can one even attempt to analyze, for example, 
the abnormal gait of a patient without this infor¬ 
mation? 

The general shape and form of muscles should 
also be noted, since a paralyzed muscle or one that 
is not used (such as occurs when a limb is immo¬ 
bilized in a cast) cjuicklv atrophies and changes 
shape. In the case of the limbs it is always worth 
remembering that there is another muscle on the 
opposite side of the body for purposes of compari¬ 
son. 


Bones 

FRACTURES OF BONES 

Immediately following the fracture, the patient 
suffers severe local pain and is not able to use the 
injured part. Deformity' may be visible if the bone 
fragments have been displaced relative to each 
other. The degree of deformity' and the directions 
taken by the bonv fragments will depend not only 
on the mechanism of injury but also on the pull of 
the muscles attached to the fragments. Ligamen¬ 
tous attachments also will influence the deformity. 
In certain situations, for example, the ileum, frac¬ 
tures result in no deformity, since the inner and 
outer surfaces of the bone are splinted by the ex¬ 
tensive origins of muscles. In contrast, a fracture of 
the neck of the femur produces considerable dis¬ 
placement. The strong muscles of the thigh pull the 
distal fragment upward, so that the leg is short¬ 
ened. The very strong lateral rotators rotate the dis¬ 
tal fragment laterally. 

Fracture of a bone is accompanied by a consid¬ 
erable hemorrhage of blood between the bone ends 
and into the surrounding soft tissue. The blood ves¬ 
sels and the fibroblasts and osteoblasts from the 
periosteum and endosteum take part in the repair 
process. 


RICKETS 

In rickets, there is a defective mineralization of the 
cartilage matrix in gl owing bones. This produces a 
condition in which the cartilage cells continue to 
grow, producing excess cartilage and a widening of 
the epiphyseal plates. The poorly mineralized car¬ 
tilaginous matrix and the osteoid matrix are soft, 
and thev bend under the stress of bearing weight. 
The resulting deformities include enlarged costo¬ 
chondral junctions, bowing of the long bones of the 
lower limbs, and bossing of the frontal bones of the 
skull. Deformities of the pelvis may also occur. 


EPIPHYSEAL PLATE DISORDERS 

The epiphyseal plate is the part of a growing 
bone concerned primarily with growth in length. 
Trauma, infection, diet, exercise, and endocrine 
disorders may disturb the growth of the hyaline 
cartilaginous plate, leading to deformity and loss 
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of function. In the femur, for example, the proxi¬ 
mal femoral epiphysis mav slip due to mechanical 
stress or excessive loads. The length of the limbs 
can increase excessively due to increased vascular- 
itv in the region of the epiphyseal plate secondary 
to infection or in the presence of tumors. Shorten¬ 
ing of a limb can follow trauma to the epiphyseal 
plate resulting form a diminished blood supply to 
the cartilage. 


Joints 

The normal range of movement of all joints should 
be ascertained. When the bones of a joint are no 
longer in their normal anatomical relationship 
with one another, then the joint is said to be dis¬ 
located. Some of the joints are particularly suscep¬ 
tible to dislocation due to the lack of support by 
ligaments, the poor shape of the articular surfaces, 
or the absence of adequate muscular support. The 
shoulder joint, temporomandibular joint, and ac¬ 
romioclavicular joints are good examples. Disloca¬ 
tion of the hip is usually congenital, caused by in¬ 
adequate development of the socket that normally 
holds the head of the femur firmly in position. 

The presence of cartilaginous discs within joints, 
especially weight-bearing joints, as in the case of 
the knee, makes them particularly susceptible to 
injury in sports. During a rapid movement the disc 
loses its normal relationship to the bones and be¬ 
comes crushed between the weight-bearing sur¬ 
faces. 

In certain diseases of the nervous system (e.g., 
syringomyelia), the sensation of pain in a joint is 
lost. This means that the warning sensations of 
pain felt when a joint moves beyond the normal 
range of movement are not experienced. This phe¬ 
nomenon results in the destruction of the joint. 

A knowledge of the classification of joints is of 
great value since it is known that certain diseases 
affect only certain types of joints. For example, 
gonococcal arthritis affects large synovial joints 
such as the ankle, elbow, or wrist. Tuberculous ar¬ 
thritis also affects synovial joints and may start in 
the synovial membrane or in the bone. 

It is also important to remember that more than 
one joint may receive the same nerve supply. For 
example, the hip and knee joints are both supplied 
bv the obturator nerve. Thus, a patient with disease 


limited to one of these joints may experience pain 
in both. 


Bursae and Synovial Sheaths 

Bursae and synovial sheaths are commonly the site 
of traumatic or infectious disease. For example, the 
extensor tendon sheaths of the hand may become 
inflamed following excessive or unaccustomed use; 
an inflammation of the prepatellar bursa may oc¬ 
cur as the result of trauma from repeated kneeling 
on a hard surface. 


Blood Vessels 

Diseases of blood vessels are very common. The 
surface anatomy of the main arteries, especially 
those of the limbs, should be learned in the appro¬ 
priate sections of this book. The collateral circula¬ 
tion of most large arteries should be understood, 
and a distinction should be made between anatom¬ 
ical end arteries and functional end arteries. 

All large arteries that cross over a joint are liable 
to be kinked during movements of the joint. How¬ 
ever, the distal flow of blood is not interrupted, 
since there is usually an adequate anastomosis be¬ 
tween branches of the artery that arise both prox¬ 
imal and distal to the joint. The alternative blood 
channels, which dilate under these circumstances, 
form the collateral circulation. A knowledge of the 
existence and position of such a circulation may be 
of vital importance should it be necessary to tie off 
a large artery that has been damaged bv trauma or 
disease. 

Coronary arteries are functional end arteries, 
and should they become blocked by disease (coro¬ 
nary arterial occlusion is common), the cardiac 
muscle normally supplied by that arteiy will re¬ 
ceive insufficient blood and will undergo necrosis. 
Blockage of a large coronary arteiy will result in 
death of the patient. 


Lymphatic System 

The lvmphatic system is often de-emphasized by 
anatomists on the grounds that it is difficult to see 
on a cadaver. However, it is of vital importance to 
a practicing physician, and the lymphatic drainage 
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of all major organs of the body, including the skin, 
should be known. 

A patient may complain of a swelling produced 
by the enlargement of a lymph node. A physician 
must know the areas of the body that drain lymph 
to a particular node if he is going to be able to find 
the primary site of the disease. Quite often the pa¬ 
tient ignores the primary disease, which may be a 
small, painless cancer of the skin. 

Conversely, the patient may complain of a pain¬ 
ful ulcer of the tongue, for example, and the phy¬ 
sician must know the lymphatic drainage of the 
tongue to be able to determine whether or not the 
disease has spread beyond the limits of the tongue. 


Nervous System 

The area of skin supplied by a single spinal nerve, 
and therefore a single segment of the spinal cord, 
is called a dermatome. On the trunk, adjacent der¬ 
matomes overlap considerably, so that to produce 
a region of complete anesthesia at least three con¬ 
tiguous spinal nerves have to be sectioned. Der- 
matomal charts for the anterior and posterior sur¬ 
faces of the body are shown in Figures 1-31 and 
1-32. 

In the limbs the arrangement of the dermatomes 
is more complicated, and this is due to the em- 
brvological changes that take place as the limbs 
grow out from the body wall. 

A physician should have a working knowledge of 
the segmental (dermatomal) innervation of skin, 
since with the help of a pin or a piece of cotton he 
can determine whether or not the sensory function 
of a particular spinal nerve or segment of the spinal 
cord is functioning normally. 

Skeletal muscle also receives a segmental inner¬ 
vation. Most of these muscles are innervated by 
two, three, or four spinal nerves and therefore by 
the same number of segments of the spinal cord. 
To paralyze a muscle completely it would thus be 
necessary to section several spinal nerves or destroy 
several segments of the spinal cord. 

It is an impossible task to learn the segmental 
innervation of all the muscles of the body. Never¬ 
theless, the segmental innervation of the following 
muscles should be known, since it is possible to test 
them by eliciting simple muscle reflexes in the pa¬ 
tient (Fig. 1-33). 


Biceps brachii tendon reflex C5 and 6 (flexion of the 
elbow joint bv tapping the biceps tendon). 

Triceps tendon reflex C6, 7 , and 8 (extension of the 
elbow joint by tapping the triceps tendon). 

Brachioradialis teridon reflex C5, 6, and 7 (supi¬ 
nation of the radioulnar joints by tapping the in¬ 
sertion of the brachioradialis tendon). 

Abdominal superficial reflexes (contraction of un¬ 
der lying abdominal muscles by stroking the 
skin). Upper abdominal skin T6-7; middle ab¬ 
dominal skin T8-9; lower abdominal skin T10- 
12 . 

Patellar tendon reflex (knee jerk) L2, 3, and 4 (ex¬ 
tension of knee joint on tapping the patellar ten¬ 
don). 

Achilles tendon reflex (ankle jerk) SI and S2 (plan¬ 
tar flexion of ankle joint on tapping the Achilles 
tendon). 


Autonomic Nervous System 

Manv drugs and surgical procedures are available 
that can modify the activity of the autonomic ner¬ 
vous svstem. For example, drugs can be adminis¬ 
tered to lower the blood pressure by affecting the 
normal function of sympathetic ganglia and caus¬ 
ing vasodilatation of peripheral blood vessels. In 
patients with severe arterial disease affecting the 
main arteries of the lower limb, the limb can 
sometimes be saved by sectioning the sympathetic 
innervation to the blood vessels. This produces a 
vasodilatation and enables an adequate amount of 
blood to flow through the collateral circulation and 
so bvpass the obstruction. 


Effect of Age on Structure 

The fact that the structure and function of the hu¬ 
man body change with age may seem obvious, but 
it is often overlooked. A few examples of such 
changes will be given here: 

1. In the infant the bones of the skull are more re¬ 
silient than in the adult, and for this reason frac¬ 
tures of the skull are much more common in the 
adult than in the young child. 

2. The liver is relatively much larger in the child 
than in the adult. In the infant the lower margin 
of the liver extends inferiorlv to a lower level 
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transverse cutaneous nerve of neck 

supraclavicular nerves 

anterior cutaneous branch of second 
^ 3 . intercostal nerve 

upper lateral, cutaneous nerve of arm 

medial cutaneous nerve of arm 

lower lateral cutaneous nerve of arm 
medial cutaneous nerve of forearm 

lateral cutaneous nerve of forearm 

lateral cutaneous branch of 
subcostal nerve 

femoral branch of genitofemoral 
nerve 

median nerve 
ulnar nerve 

ilioinguinal nerve 

lateral cutaneous nerve of thigh 
^obturator nerve 
/)TvJ medial cutaneous nerve of thigh 

I ) intermediate cutaneous nerve of thigh 

infrapatel1ar branch of saphenous nerve 

lateral sural cutaneous nerve 


saphenous nerve 

superficial peroneal nerve 
deep peroneal nerve 


Fig. 1-31. Dermatomes and distribution of cuta¬ 
neous nerves on the anterior aspect of the body. 
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greater occipital nerve 
third cervical nerve 
great auricular nerve 

fourth cervical nerve 
lesser occipital nerve 
supraclavicular nerve 

first thoracic nerve 
posterior cutaneous nerve of arm 

medial cutaneous nerve of arm 
posterior cutaneous nerve of forearm, 
medial cutaneous nerve of forearm 
lateral cutaneous nerve of forearm 

lateral cutaneous branch of T12 

posterior cutaneous branches 
Ll, L2 and L3 radial nerve 

ulnar nerve 

posterior cutaneous branches of 
SI , S2 and S3 

branches of posterior cutaneous 
nerve of thigh 

posterior cutaneous nerve of thigh 

obturator nerve 

lateral cutaneous nerve 
of calf 

sural nerve 
saphenous nerve 

lateral plantar nerve 
medial plantar nerve 



Fig. 1-32. Dermatomes and distribution of cuta¬ 
neous nerves on the posterior aspect of the body. 
































46 


1. Introduction 



Fig. 1-33. Some important tendon reflexes used in 
medical practice. 
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than in the adult. This is an important consid¬ 
eration when making a diagnosis of hepatic en¬ 
largement. 

3. The urinary bladder in the child cannot be ac¬ 
commodated entirely in the pelvis due to the 
small size of the pelvic cavity and is found in the 
lower part of the abdominal cavitv. As the child 
grows, the pelvis enlarges and the bladder sinks 
down to become a true pelvic organ. 

4. At birth all bone marrow is of the red variety. 
With advancing age the red marrow recedes up 
the bones of the limbs so that in the adult it is 

Fig. 1-34. Postero-anterior radiograph of thorax. 


largely confined to the bones of the head, thorax, 
and abdomen. 

5. Lymphatic tissues reach their maximum degree 
of development at puberty and thereafter atro¬ 
phy, so that the volume of lvmphatic tissue in the 
old is considerably reduced. 


Radiographic Anatomy 

As a physician you will be frequently called upon 
to study normal and abnormal anatomy as seen on 
radiographs. Familiarity with normal radiographic 
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clavicle 

brachio- 
cephalic 
artery 

right brachio¬ 
cephalic vein 


lung(right 
upper lobe) 


trachea 

esophagus 


A 



scapula 


third rib 
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Fig. 1-35. CT scans. (A) Upper thorax at level of 
third thoracic vertebra; (B) upper abdomen at 
level of second lumbar vertebra. All CT scans are 
view ed from below . Thus, the right side of the 
body appears on the left of the illustration. 
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anatomy permits one to recognize abnormalities 
quickly, such as fractures or tumors. 

The most common form of radiographic anat¬ 
omy is studied on a radiograph (roentgenograph, 
X-rav film), which provides a two-dimensional im¬ 
age of the interior of the body (Fig. 1-34). To pro¬ 
duce such a radiograph, a single barrage of X-rays 
is passed through the body and exposes the film. 
Tissues of differing densities show up as images of 
differing densities on the radiograph (or fluores¬ 
cent screen). A tissue that is relatively dense ab¬ 
sorbs (stops) more X-ravs than tissues that are less 
dense. A very dense tissue is said to be radiopaque, 
but a less dense tissue is said to be radiolucent. 
Bone is very dense and fat is moderately dense; 
other soft tissues are the least dense. 

Unfortunately, the examination of an ordinary 
radiograph shows the images of the different or¬ 
gans superimposed onto a flat sheet of film. This 
overlap of organs and tissues often makes it diffi¬ 
cult to visualize them. This problem is overcome to 
some extent bv taking films at right angles to one 


another or by making stereoscopic films. 

In 1971, CT (computed tomography) scanning 
or GAT (computerized axial tomography) scanning 
was introduced so that tissue slices could be stud¬ 
ied and tissues having minor differences in densitv 
could be recognized. CT scanning relies on the 
same physics as conventional X-rays but combines 
it with computer technology. A source of X-rays 
moves in an arc around the part of the body being 
studied and sends out a beam of X-rays. The beams 
of X-rays, having passed through the region of the 
body, are collected by a special X-ray detector. 
Here, the X-rays are converted into electronic im¬ 
pulses that produce readings of the density of the 
tissue in a one centimeter slice of the body. From 
these readings the computer is able to assemble a 
picture of the body called a CT scan, which can be 
viewed on a fluorescent screen and then photo¬ 
graphed for later examination (Fig. 1-35). The pro¬ 
cedure is safe and quick, lasts only a few seconds 
for each slice, and for most patients requires no 
sedation. 


CLINICAL PROBLEMS 

1. The surgical notes of a patient state that she 
had a right infraumbilical paramedian incision 
through the skin of the anterior abdominal 
wall. Where exactlv was this incision made? 

2. A physician’s letter states that a patient has a 
small, mobile tumor on the dorsum of the foot, 
just proximal to the base of the toes and lying 
superficial to the bones and extensor tendons, 
but deep to the superficial fascia. Examine your 
own foot and tiy to visualize where this tumor 
is located. 

3. Following an attack of pericapsulitis of the 
shoulder joint, a patient finds that movements 
of the joint are restricted. On examination, ab¬ 
duction is limited to 30 degrees, there is no lat¬ 
eral rotation, and extention is limited to 10 
degrees. Flexion is free. Demonstrate this disa¬ 
bility on vour own shoulder joint. 

4. As the result of osteoarthritis, a 60-year-old pa¬ 
tient has very restricted movements in the right 
hip joint. On examination, the patient is found 
to hold the joint partially flexed, abducted, and 
laterally rotated. The range of movement is 
limited in all directions, particularly in abduc- 


Answers on page 955 

tion and internal rotation. Demonstrate this 
disability on vour own hip joint. 

5. A patient with a history of poliomyelitis affect¬ 
ing the anterior horn cells of the lower thoracic 
and lumbar segments of the spinal cord has a 
severe left lateral flexion deformity of the ver¬ 
tebral column. Explain this condition in ana¬ 
tomical and physiological terms. 

6. Following an injury to the right elbow joint, it 
is found that a patient is unable to pronate his 
forearm. Demonstrate this on vour own fore¬ 
arm. 

7. After suffering a severe strain to the left ankle 
while playing tennis, a patient experiences con¬ 
siderable pain when she tries to move the foot 
so that the sole faces medially. What is the cor¬ 
rect anatomical term for the movement of the 
foot that produces the pain? 

8. Following a severe nerve injury on the anterior 
aspect of the forearm just proximal to the wrist, 
a patient is found to be unable to abduct her 
fingers. Demonstrate on vour own hand what 
the patient is unable to do with her fingers. 

9. A film actress is worried about a new scar on 
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her anterior abdominal wall. She says that 
from the age of 16, following an appendec¬ 
tomy, she has had a small oblique scar in the 
lower right side of her abdomen. This scar is 
small and hardly noticeable. Recently, she had 
her gallbladder removed through a right verti¬ 
cal supraumbilical paramedian incision, and 
the scar is wide and heaped-up. Can you ex¬ 
plain why the scars are so different? 

10. A patient has a large abscess in the neck that 
requires drainage through a surgical incision. 
In this situation would you use a vertical or a 
horizontal incision to obtain the best cosmetic 
results? 

11. (a) A workman received a severe burn on his 
forearm, measuring about 4 inches (10 cm) 
square. In depth, it extended into the superfi¬ 
cial part of the dermis. From which sites would 
the epidermal cells regenerate? (b) Another pa¬ 
tient has a burn that penetrates as far as the 
superficial fascia. From where would the epi¬ 
dermal cells regenerate in this patient? 

12. At which sites on the surface of intact skin are 
pathogenic organisms likely to enter the dermis 
or subcutaneous tissue? 

13. A diagnosis has been made that a tumor of the 
vertebral column is pressing on the lumbar seg¬ 
ments of a patient’s spinal cord. He has a loss 
of sensation in the skin over the anterior surface 
of the thigh and is unable to extend his knee 
joint. On examination, it is found that the mus¬ 
cles of the front of the thigh have atrophied and 
have no tone and that the knee jerk is absent. 
Explain these findings in anatomical and phys¬ 
iological terms. 

14. A 65-vear-old patient has had a cerebral hem¬ 
orrhage that has destroyed the upper motor 
neurons on one side of the brain. On examina¬ 
tion of his right leg, the muscles are found to 
be hypertonic. Explain this in anatomical and 
physiological terms. 

15. A housewife recently took up employment in a 
factory. She is a machinist, and for 6 hours a 


day has to move a lever repeatedly, which re¬ 
quires that she extend and flex her wrist joint. 
At the end of the second week of her employ¬ 
ment, she began to experience pain over the 
posterior surface of her wrist and noticed a 
swelling in the area. What is the anatomical ex¬ 
planation for her discomfort? 

16. A 40-year-old man decided to lav adhesive tiles 
on the floor of his large kitchen and family 
room. This involved many hours of work on his 
knees on a hard surface. After 5 days he noticed 
a tender swelling on the anterior surface of his 
knee joint. What is the anatomical explanation 
for his discomfort? 

17. A young baseball player, on returning to his 
team after being hospitalized for a severe injury 
to his left knee, stated that the medial cartila¬ 
ginous disc had been badly torn. He added that 
the cartilage had regenerated, the tear had 
healed, and his knee was as good as before the 
accident. Comment on this statement. 

18. A young woman had a severe infection under 
the lateral edge of the nail of her right index 
finger. On examination, a series of red lines 
were seen to extend up the back of the hand 
and around to the front of the forearm and 
arm, up to the armpit. Palpation of the armpit 
revealed a number of enlarged, tender lymph 
nodes. What were the red lines, and why were 
the lymph nodes enlarged? 

19. At postmortem, a branch of a patient’s left cor¬ 
onary artery was found to be blocked. A large 
area of cardiac muscle was found to be nec¬ 
rosed. What is the anatomical explanation for 
the necrosis of the muscle? 

20. A 19-vear-old boy was suspected of having leu¬ 
kemia. It was decided to confirm the diagnosis 
bv performing a bone marrow biopsy. The res¬ 
ident obtained a marrow specimen from the 
lower end of the tibia, but was surprised to 
learn that the specimen was useless for diag¬ 
nostic purposes. What comments would you 
make on this? 
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Select the best response. 

1. A patient who is standing in the anatomical po¬ 
sition is: 

(a) Facing laterally 

(b) Has the palms of the hands directed me¬ 
dially 

(c) Has the ankles several inches apart 

(d) Is standing on his toes 

(e) Has the upper limbs by the sides of the 
trunk 

2. A patient is performing the movement of flex¬ 
ion of the hip joint when she: 

(a) Moves the lower limb away from the mid¬ 
line in the coronal plane 

(b) Moves the lower limb posteriorly in the 
paramedian plane 

(c) Moves the lower limb anteriorly in the 
paramedian plane 

(d) Rotates the lower limb so that the anterior 
surface faces medially 

(e) Moves the lower limb toward the median 
sagittal plane 

3. Inversion of the foot is the movement so that 
the sole faces: 

(a) Downward and posteriorly 

(b) Medially 

(c) Laterally 

(d) Downward 

(e) Downward and laterally 

4. The lines of cleavage or Langer’s lines are: 

(a) Finger prints 

(b) Skin creases over joints 

(c) Lines representing the interface between 
the superficial and deep layers of fascia 

(d) The direction of the rows of elastic fibers 
in the dermis 

(e) The direction of the rows of collagen fibers 
in the dermis 

Match each structure listed on the left with a 
structure or occurrence listed on the right with 
which it is most closely associated. Each let¬ 
tered answer may be used more than once. 

5. Superficial fascia (a) Divides up interior 

of limbs int\) 

„ „ „ compartments 

6. Deep fascia (b) |jssue 

(c) Tendon spindles 

7. Skeletal muscle (d) None of the above 


For each joint listed on the left, indicate which 
type of movement it is associated with on the 
right. 


8. Sternoclavicular 
joint 

9. Superior radioulnar 
joint 

10. Ankle joint 


(a) Flexion 

(b) Gliding 

(c) Both (a) and (b) 

(d) Neither (a) nor (b) 


For each joint listed on the left, give the most 
appropriate classification out of the list on the 
right. 


11. Joints between ver¬ 
tebral bodies 

12. Inferior tibiofibular 
joint 

13. Sutures between 
bones of vault of 
skull 

14. Wrist joint 


(a) Synovial joint 

(b) Cartilaginous 


(c) Fibrous 


(d) None of the above 


For each type of synovial joint listed on the left, 
give an appropriate example from the list of 


joints on the right. 

15. Hinge joint 

16. Condyloid joint 

17. Ball-and-socket 
joint 

18. Saddle joint 


(a) Metacarpophalan¬ 
geal joint of index 
finger 

(b) Shoulder joint 

(c) Wrist joint 

(d) Carpometacarpal 
joint of the thumb 

(e) None of the above 


For questions 19 through 25, answer: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) AND (3) ONLY ARE CORRECT 

(c) If (2) AND (4) ONLY ARE CORRECT 

(d) IF (4) ONLY IS CORRECT 

(e) If all are correct 

19. (1) A prime mover is the chief muscle respon¬ 
sible for a particular movement. 

(2) A fixator is a muscle that contracts iso- 
metrically to stabilize the origin of the 
prime mover. 

(3) A synergist is a muscle that prevents un¬ 
wanted movements in an intermediate 
joint so that a prime mover can cross that 
joint and act primarily on a distal joint. 
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(4) An antagonist is a muscle that opposes the 
action of a fixator. 

20. (1) The stability of a joint depends on 

the shape of the articular surfaces, the 
strength of the ligaments, and the tone of 
the muscles around the joint. 

(2) The capsule and ligaments of a joint are 
devoid of a sensory nerve supply. 

(3) Occasionally, the cavity of a bursa com¬ 
municates with the cavity of a synovial 
joint. 

(4) The articular surfaces of all synovial joints 
are covered with fibrocartilage. 

21. (1) Arterioles are vessels larger than 1 mm in 

diameter but smaller than 2 mm in di¬ 
ameter. 

(2) Venules, unlike arteries, possess small 
valves. 

(3) A portal system begins as an arteriovenous 
anastomosis and ends as a capillary net¬ 
work. 

(4) Anatomical end arteries are vessels whose 
terminal branches do not anastomose 
with branches or arteries supplying adja¬ 
cent areas. 

22. (1) Lymph capillaries are a network of fine 

vessels that do not communicate with the 
tissue spaces. 

(2) Large lymph vessels possess numerous 
valves. 

(3) The right lymphatic duct drains the right 
side of the head and neck, the right upper 


limb, and the right side of the thorax. 

(4) Before lymph enters the bloodstream it has 
to pass through at least one lymph node. 

23. (1) A synapse is a site where two neurons 

come into close proximity but not into an¬ 
atomical continuity. 

(2) Each spinal nerve is connected to the 
spinal cord bv an anterior root and a pos¬ 
terior root. 

(3) There are eight cervical spinal nerves and 
only seven cervical vertebrae. 

(4) Preganglionic nerve fibers pass to spinal 
nerves in the gray rami communicantes. 

24. (1) Motor nerve fibers to skeletal muscle al¬ 

ways leave the spinal cord in an anterior 
root. 

(2) The anterior ramus of a spinal nerve does 
not supply the muscles of the limbs. 

(3) A dermatome is an area of skin supplied 
by one segment of the spinal cord. 

(4) The biceps brachii tendon reflex tests the 
integrity of C7~8 segments of the spinal 
cord. 

25. (1) Long bones of the limbs are developed by 

membranous ossification. 

(2) A sesamoid bone is a small nodule of bone 
found in a tendon. 

(3) Growth that takes place in an epiphyseal 
plate is largely responsible for increasing 
the diameter of a long bone. 

(4) The epiphysis is the center of ossification 
found at the end of a long bone. 




2. The Thorax: Part I 
The Thoracic Wall 


The thorax (or chest) is the region of the body be¬ 
tween the neck and the abdomen. It is flattened in 
front and behind but rounded at the sides. The 
framework of the walls of the thorax, which is re¬ 
ferred to as the thoracic cage, is formed by the ver¬ 
tebral column behind, the ribs and intercostal 
spaces on either side, and the sternum and costal 
cartilages in front. Superiorly the thorax commu¬ 
nicates with the neck through the thoracic inlet* 
and inferiorly it is separated from the abdomen by 
the diaphragm. The thoracic cage protects the 
lungs and heart and affords attachment for the 
muscles of the thorax, upper extremity, abdomen, 
and back. 

The cavity of the thorax may be divided into a 
median partition, called the mediastinum , and the 
laterally placed pleurae and lungs. The lungs are 
covered by a thin membrane called the visceral 
pleura, which passes from each lung at its root 
(i.e., where the main air passages and blood vessels 

^Clinicians often loosely refer to this opening as the thoracic 
outlet, since important vessels and nerves emerge from the 
thorax here to enter the neck and upper limb. 


enter) to the inner surface of the chest wall, where 
it is called the parietal pleura. In this manner two 
membranous sacs called the pleural cavities are 
formed, one on each side of the thorax, between 
the lungs and the thoracic walls. 


SURFACE ANATOMY 

As physicians you will be examining the chest to 
detect evidence of disease. Your examination will 
consist of inspection, palpation, percussion, and 
auscultation. 

Inspection shows the configuration of the chest, 
the range of respiratory movement, and any in¬ 
equalities on the two sides. The type and rate of 
respiration will also be noted. 

Palpation will enable the physician to confirm 
the impressions gained by inspection, especially of 
the respiratory movements of the chest wall. Ab¬ 
normal protuberances or recession of part of the 
chest wall will be noted. Abnormal pulsations will 
also be felt and tender areas detected. 

Percussion is a sharp tapping of the chest wall 
with the fingers. This produces vibrations that ex- 
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Fig. 2-1. Anterior view of thorax of a 27-year-old 
male. 


tend through the tissues of the thorax. Air-contain¬ 
ing organs such as the lungs produce a resonant 
note; on the other hand, a more solid viscus such 
as the heart produces a dull note. With practice, it 
is possible to distinguish the lungs from the heart 
or the liver by percussion. 

Auscultation enables the physician to listen to 
the breath sounds as the air enters and leaves the 
respiratory passages. Should the alveoli or bronchi 
be diseased and filled with fluid, the nature of the 
breath sounds will be altered. The rate and rhvthm 
of the heart can be confirmed by auscultation, and 
the various sounds produced by the heart and its 
valves during the different phases of the cardiac 
cycle can be heard. It may be possible to detect fric¬ 
tion sounds produced by the rubbing together of 
diseased layers of pleura or pericardium. 

To make these examinations, a physician must 
be familiar with the normal structure of the thorax 


and must have a mental image of the normal po¬ 
sition of the lungs and heart in relation to identi¬ 
fiable surface landmarks. Furthermore, it is essen¬ 
tial that a physician be able to relate his abnormal 
findings to easily identifiable bony landmarks, so 
that he can accurately record and communicate 
them to his colleagues. 

Since the thoracic wall actively participates in 
the movements of respiration, many bony land¬ 
marks change their levels with each phase of res¬ 
piration. In practice, to simplify matters, the levels 
given are those usually found at about midway be¬ 
tween full inspiration and full expiration. 


Examination of the Anterior 
Surface of the Thorax 

SUPRASTERNAL NOTCH. This is the superior mar¬ 
gin of the manubrium sterni and is easily felt be¬ 
tween the prominent medial ends of the clavicles 
in the midline (Figs. 2-1 and 2-2). It lies opposite 
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Fig. 2-2. Anterior view of thorax and abdomen of a 
29-vear-old female. 


the lower border of the body of the second thoracic 
vertebra (Fig. 2-10). 

STERNAL ANGLE (angle OF LOUIS). This is the an¬ 
gle made between the manubrium and body of the 
sternum (Figs. 2-1 and 2-2); at this level the second 
costal cartilage joins the lateral margin of the ster¬ 
num. The sternal angle lies opposite the interver¬ 
tebral disc between the fourth and fifth thoracic 
vertebrae (Fig. 2-10). 

xiphisternal joint. This is the joint between 
the xiphoid process of the sternum and the body of 
the sternum (Fig. 2-4). It lies opposite the body of 
the ninth thoracic vertebra (Fig. 2-10). 

subcostal angle. This is situated at the inferior 
end of the sternum, between the sternal attach¬ 
ments of the seventh costal cartilages (Fig. 2-4). 

COSTAL margin. This is the lower boundary of 
the thorax and is formed by the cartilages of the 
seventh, eighth, ninth, and tenth ribs and the ends 


of the eleventh and twelfth cartilages (Figs. 2-1 and 
2-2). The lowest part of the costal margin is 
formed bv the tenth rib and lies at the level of the 
third lumbar vertebra. 

CLAVICLE. This bone is subcutaneous through¬ 
out its entire length and can be easily palpated 
(Figs. 2-1 and 2-2). It articulates at its lateral ex¬ 
tremity with the acromion process of the scapula. 

ribs. The first rib lies deep to the clavicle and 
cannot be palpated. The lateral surfaces of the re¬ 
maining ribs can be felt by pressing the fingers up¬ 
ward into the axilla and drawing them downward 
over the lateral surface of the chest wall. The 
twelfth rib, if short, may be difficult to palpate. To 
identify a particular rib, always first identify the 
second costal cartilage at the sternal angle and 
then count the cartilages and ribs downward from 
this point. 

nipple. In the male it usually lies in the fourth 
intercostal space about 4 inches (10 cm) from the 
midline. In the female its position is not constant. 
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Fig. 2-3. Posterior view of thorax of a 29-vear-old fe¬ 
male. 

apex beat. The apex of the heart is formed by 
the lower portion of the left ventricle. The apex 
beat is due to the apex of the heart being thrust 
forward against the thoracic wall as the heart con- 
tracts. The apex beat can usually be felt bv placing 
the flat of the hand on the chest wall over the heart. 
After the area of cardiac pulsation has been deter¬ 
mined, the apex beat is accurately localized by 
placing two fingers over the intercostal spaces, and 
moving them until the point of maximum pulsa¬ 
tion is found. The apex beat is normally found in 
the fifth left intercostal space 3 V> inches (9 cm) 
from the midline. Should you have difficulty in 
finding the apex beat, have the patient lean for¬ 
ward in the sitting position. 

In the female with pendulous breasts, the ex¬ 
amining fingers should gently raise the left breast 
from below as the intercostal spaces are palpated. 

axillary folds. The anterior fold is formed by 
the lower border of the pectoralis major muscle 
(Figs. 2-1 and 2-2). This maybe made to stand out 
by asking the patient to press his hand hard against 
his hip. The posterior fold is formed by the tendon 


of latissimus dorsi muscle as it passes round the 
lower border of the teres major muscle. 


Examination of the Posterior 
Surface of the Thorax 

SPINOUS PROCESSES OF THORACIC VERTEBRAE. 

These can all be palpated in the midline posteriorly 
(Fig. 2-5). The index finger should be placed on the 
skin in the midline on the posterior surface of the 
neck and drawn downward in the nuchal groove. 
The first spinous process to be felt is that of the 
seventh cervical vertebra (vertebra prominens). Be¬ 
low this level are the overlapping spines of the tho¬ 
racic vertebrae. The cervical spines 1-6 are covered 
by a large ligament, the ligamentum nuchae. It 
should be noted that the tip of a spinous process of 
a thoracic vertebra' lies posterior to the body of the 
next vertebra below. 

SCAPULA (SHOULDER BLADE). This bone is flat 
and triangular in shape and is located on the upper 
part of the posterior surface of the thorax. The su¬ 
perior angle lies opposite the spine of the second 
thoracic vertebra (Figs. 2-3 and 2-5). The spine of 
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the scapula is subcutaneous, and the root of the 
spine lies on a level with the spine of the third tho¬ 
racic vertebra (Figs. 2-3 and 2-5). The inferior angle 
lies on a level with the spine of the seventh thoracic 
vertebra (Figs. 2-3 and 2-5). 


Lines of Orientation 

midsternal line. This lies in the median plane 
over the sternum (Fig. 2-4). 

MIDCLAVICULAR line. This runs vertically 
downward from the midpoint of the clavicle (Fig. 
2-4). 

ANTERIOR AXILLARY line. This runs vertically 
downward from the anterior axillarv fold (Fig. 2- 
4). 

POSTERIOR AXILLARY line. This runs vertically 
downward from the posterior axillarv fold. 

MiDAXiLLARY line. This runs vertically down¬ 
ward from a point situated midway between the 
anterior and posterior axillarv folds. 

scapular line. This runs vertically downward 
on the posterior wall of the thorax (Fig. 2-5), pass¬ 
ing through the inferior angle of the scapula (arms 
at the sides). 


Surface Markings of the Trachea, 
Lungs, and Pleura 

TRACHEA 

The trachea extends from the lower border of the 
cricoid cartilage (opposite the body of the sixth 
cervical vertebra), in the neck to the level of the ster¬ 
nal angle in the thorax (Fig. 2-6). It commences in 
the midline and ends just to the right of the midline 
by dividing into the right and left principal bron¬ 
chi. At the root of the neck it may be palpated in 
the midline in the suprasternal notch. 


LUNGS 

The apex of the lung projects into the neck. It can 
be mapped out on the anterior surface of the body 
bv drawing a curved line, convex upward, from the 
sternoclavicular joint to a point 1 inch (2.5 cm) 
above the junction of the medial and intermediate 
thirds of the clavicle (Fig. 2-6). 

The anterior border of the right lung begins be¬ 
hind the sternoclavicular joint and runs downward 


almost reaching the midline behind the sternal an¬ 
gle. It then continues downward until it reaches 
the xiphisternal joint (Fig. 2-6). The anterior border 
of the left lung has a similar course, but at the level 
of the fourth costal cartilage it deviates laterallv 
and extends for a variable distance beyond the lat¬ 
eral margin of the sternum to form the cardiac 
notch (Fig. 2-6). This notch is produced by the 
heart displacing the lung to the left. The anterior 
border then turns sharply downward to the level of 
the xiphisternal joint. 

The lower border of the lung in midinspiration 
follows a curving line, which crosses the sixth rib 
in the midclavicular line and the eighth rib in the 
midaxillary line, and reaches the tenth rib adjacent 
to the vertebral column posteriorly (Figs. 2-6, 2-7, 
and 2-8). It is important to understand that the 
level of the inferior border of the lung changes dur¬ 
ing inspiration and expiration. 

The posterior border of the lung extends down¬ 
ward from the spinous process of the seventh cervi¬ 
cal vertebra to the level of the tenth thoracic ver¬ 
tebra and lies about l'/a inches (4 cm) from the 
midline (Fig. 2-7). 

The oblique fissure of the lung can be indicated 
on the surface bv a line drawn from the root of the 
spine of the scapula obliquely downward, laterally 
and anteriorly, following the course of the sixth rib 
to the sixth costochondral junction. In the left lung 
the upper lobe lies above and anterior to this line; 
the lower lobe lies below and posterior to it (Figs. 
2-6 and 2-7). 

In the right lung there is an additional fissure, 
the horizontal fissure, which may be represented 
bv a line drawn horizontally along the fourth costal 
cartilage to meet the oblique fissure in the midax- 
illarv line (Figs. 2-6 and 2-8). Above the horizontal 
fissure lies the upper lobe and below it, the middle 
lobe; below and posterior to the oblique fissure lies 
the lower lobe. 


PLEURA 

The boundaries of the pleural sac can be marked 
out as lines on the surface of the body. The lines, 
which will indicate the limits of the parietal pleura 
where it lies close to the body surface, are referred 
to as the lines of pleural reflection. 

The cervical pleura bulges upward into the neck 
and has a surface marking identical to that of the 
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Fig. 2-4. Surface landmarks of (A) anterior and (B) 
posterior thoracic w alls. 
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Fig. 2-5. Surface landmarks of posterior thoracic 
wall. 



Fig. 2-6. Surface markings of lungs and parietal 
pleura on anterior thoracic wall. 






















60 2 . The Thorax: Part I The Thoracic Wall 



Fig. 2-7. Surface markings of lungs and parietal 
pleura on posterior thoracic wall. 



Fig. 2-8. Surface markings of lungs and parietal 
pleura on lateral thoracic walls. 
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apex of' the lung. A curved line may be drawn, con¬ 
vex upward, from the sternoclavicular joint to a 
point 1 inch (2.5 cm) above the junction of the me¬ 
dial and intermediate thirds of the clavicle (Fig. 2- 
6 ). 

The anterior border of the right pleura runs 
down behind the sternoclavicular joint almost 
reaching the midline behind the sternal angle. It 
then continues downward until it reaches the xi¬ 
phisternal joint. The anterior border of the left 
pleura has a similar course, but at the level of the 
fourth costal cartilage it deviates laterally and ex¬ 
tends to the lateral margin of the sternum to form 
the cardiac notch. (Note that the pleural cardiac 
notch is not as large as the cardiac notch of the 
lung). It then turns sharply downward to the xiphi¬ 
sternal joint (Fig. 2-6). 

The lower border of the pleura on both sides fol¬ 
lows a curved line, which crosses the eighth rib in 
the midclavicular line and the tenth rib in the mid- 
axillary line, and reaches the twelfth rib adjacent 
to the vertebral column, i.e., at the lateral border 
of the erector spinae muscle (Figs. 2-6, 2-7, and 2- 
8). Note that the lower margins of the lungs cross 
the sixth, eighth, and tenth ribs at the midclavicu¬ 
lar lines, the midaxillarv lines, and the sides of the 


vertebral column, respectively, and the lower mar¬ 
gins of the pleura cross, at the same points respec¬ 
tively, the eighth, tenth, and twelfth ribs. The dis¬ 
tance between the two borders corresponds to the 
costodiaphragmatic recess. (See p. 86.) 


Surface Markings of the Heart 

For practical purposes the heart may be considered 
to have both an apex and four borders. 

The apex, formed by the left ventricle, corre¬ 
sponds to the apex beat and is found in the fifth 
left intercostal space 3Vz inches (9 cm) from the 
midline (Fig. 2-9). 

The superior border, formed bv the roots of the 
great blood vessels, extends from a point on the 
second left costal cartilage (remember sternal an¬ 
gle) Vz inch (1.3 cm) from the edge of the sternum 
to a point on the third right costal cartilage Vz inch 
(1.3 cm) from the edge of the sternum (Fig. 2-9). 

The right border, formed by the right atrium, ex¬ 
tends from a point on the third right costal carti¬ 
lage Vz inch (1.3 cm) from the edge of the sternum 
downward to a point on the sixth right costal car¬ 
tilage Vz inch (1.3 cm) from the edge of the ster¬ 
num (Fig. 2-9). 

The left border, formed by the left ventricle, ex¬ 
tends from a point on the second left costal carti- 


Fig. 2-9. Surface markings of heart. 
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lage Vi inch (1.3 cm) from the edge of the sternum 
to the apex beat of the heart (Fig. 2-9). 

The inferior border, formed bv the right ventricle 
and the apical part of the left ventricle, extends 
from the sixth right costal cartilage V 2 inch (1.3 
cm) from the sternum to the apex beat (Fig 2-9). 


Surface Markings of the Vessels 

The arch of the aorta and the roots of the brachi¬ 
ocephalic and left common carotid arteries lie be¬ 
hind the manubrium sterni (Fig. 2-10). 

The superior vena cava and the terminal parts of 
the right and left brachiocephalic veins also lie be¬ 
hind the manubrium sterni. 

The internal thoracic vessels run vertically down¬ 
ward posterior to the costal cartilages, Vz inch 
(1.13 cm) lateral to the edge of the sternum (Fig. 
2-17), as far as the sixth intercostal space. 

The intercostal vessels and nei~ve (“vein, artery, 
nerve”—V.A.N.—is the order from above down¬ 
ward) are situated immediately below their corre¬ 
sponding ribs (Fig. 2-16). 


Surface Anatomy of the Mammary 
Gland 

The mammary gland lies in the superficial fascia 
covering the anterior chest wall (Fig. 2-2). In the 
child and in men it is rudimentary. In the female 
after puberty it enlarges and assumes its hemi¬ 
spherical shape. In the young adult female it over- 
lies the second to the sixth ribs and their costal car¬ 
tilages and extends from the lateral margin of the 
sternum to the midaxillary line. Its upper lateral 
edge extends around the lower border of the pec- 
toralis major and enters the axilla. In middle-aged 
multiparous women the breasts may be large and 
pendulous. In older women past the menopause 
the adipose tissue of the breast may become re¬ 
duced in amount and the hemispherical shape lost; 
the breasts then become smaller and the overlying 
skin is wrinkled. 

The structure of the mammary gland is de¬ 
scribed fully on page 412. 


Fig. 2-10. Lateral view of thorax, showing relation¬ 
ship of surface markings to vertebral levels. 



aorta 
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Openings of the Thorax 

The thoracic cavity communicates with the root of 
the neck through an opening called the thoracic in¬ 
let (clinicians often call it the thoracic outlet). The 
opening is bounded posteriorly by the first thoracic 
vertebra, laterally bv the medial borders of the first 
ribs and their costal cartilages, and anteriorly bv 
the superior border of the manubrium sterni. The 
opening is obliquely placed facing upward and for¬ 
ward. Through this small opening pass the esoph¬ 
agus and trachea and many vessels and nerves. Be¬ 
cause of the obliquity of the opening, the apices of 
the lung and pleurae project upward into the neck. 

The thoracic cavity communicates with the ab¬ 
domen through a large opening called the thoracic 
outlet. The opening is bounded posteriorly by the 
twelfth thoracic vertebra, laterally bv the curving 
costal margin, and anteriorly bv the xiphisternal 
joint. Through this large opening, which is closed 
by the diaphragm, pass the esophagus and many 
large vessels and nerves, all of which pierce the dia¬ 
phragm. 


STRUCTURE OF THE THORACIC 
WALL 

The thoracic wall is covered on the outside by skin 
and by muscles attaching the shoulder girdle to the 
trunk. It is lined with parietal pleura. 

The thoracic wall is formed posteriorly by the 
thoracic part of the vertebral column; anteriorly, 
by the sternum and costal cartilages; laterally, by 
the ribs and intercostal spaces; superiorly, by the 
suprapleural membrane; and inferiorly, by the dia¬ 
phragm, which separates the thoracic cavity from 
the abdominal cavity. 


Thoracic Part of the Vertebral 
Column 

The thoracic part of the vertebral column is con¬ 
cave forward and is made up of twelve vertebrae, 
together with their intervertebral discs (Fig. 2-11). 
Thoracic vertebrae (Fig. 2-12) have the following 
characteristics; 


1. The body is medium-sized and heart-shaped. 

2. The spines are long and inclined downward. 

3. Costal facets are present on the sides of the bod¬ 
ies where the heads of the ribs articulate, and on 
the transverse processes for articulation with the 
tubercles of the ribs. (Til and 12 have no facets 
on the transverse processes.) 

4. The articular processes lie on the arc of a circle 
whose center is located near the center of the 
vertebral body. This allows rotary movements to 
take place between adjacent vertebrae. (See also 
vertebral column, p. 931.) 


Sternum 

The sternum is a flat bone that may be divided into 
three parts: (1) manubrium sterni, (2) body of the 
sternum, and (3) xiphoid process. 

The manubrium is the upper part of the ster¬ 
num, and it articulates with the clavicles and the 
first and upper part of the second costal cartilages 
on each side (Fig. 2-11). It lies opposite the third 
and fourth thoracic vertebrae. 

The body of the sternum articulates above with 
the manubrium bv means of a fibrocartilaginous 
joint, the wauubriosterval joint. Below, it articu¬ 
lates with the xiphoid process. On each side are 
notches for articulation with the lower part of the 
second costal cartilage and the third to the seventh 
costal cartilages (Fig. 2-11). The second to the sev¬ 
enth costal cartilages articulate with the sternum 
at synovial joints. 

The xiphoid process (Fig. 2-11) is the lowest and 
smallest part of the sternum. It is a thin plate of 
hyaline cartilage that becomes ossified at its prox¬ 
imal end in adult life. 

The sternal angle (angle of Louis), formed by the 
articulation of the manubrium with the body of the 
sternum, can be recognized by the presence of a 
transverse ridge on the anterior aspect of the ster¬ 
num (Fig. 2-10). The transverse ridge lies at the 
level of the second costal cartilage, the point from 
which all costal cartilages and ribs are counted. 
The sternal angle lies opposite the intervertebral 
disc between the fourth and fifth thoracic verte¬ 
brae. 

The xiphisternal joint lies opposite the body of 
the ninth thoracic vertebra (Fig. 2-10). 
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Fig. 2-11. (A) Anterior view of sternum; (B) ster¬ 
num, ribs, and costal cartilages forming thoracic 
skeleton. 


Costal Cartilages 

Costal cartilages are bars of hyaline cartilage con¬ 
necting the upper seven ribs to the lateral edge of 
the sternum, and the eighth, ninth, and tenth ribs 
to the cartilage immediately above. The cartilages 
of the eleventh and twelfth ribs end in the abdom¬ 
inal musculature fFig. 2-11). 

The costal cartilages contribute significantly to 
the elasticity and mobility of the thoracic walls. In 
old age, the costal cartilages tend to lose some of 
their flexibility as the result of superficial calcifi¬ 
cation. 


Ribs 

There are twelve pairs of ribs, all of which are at¬ 
tached posteriorly to the thoracic vertebrae (Figs. 
2-11, 2-12, 2-13, and 2-14). The upper seven pairs 
are attached anteriorly to the sternum by their cos¬ 
tal cartilages. The eighth, ninth, and tenth pairs of 
ribs are attached anteriorly to each other and to the 
seventh rib by means of their costal cartilages and 
small svnovial joints. The eleventh and twelfth 
pairs have no anterior attachment and are referred 
to as floating ribs. 

A typical rib is a long, twisted, flat bone having 
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Fig. 2-12. Thoracic vertebra. (A) Superior surface. 
(B) Lateral surface. 


a rounded, smooth superior border and a sharp, 
thin inferior border (Figs. 2-13 and 2-14). The in¬ 
ferior border overhangs and forms the costal 
groove, which accommodates the intercostal vessels 
and nerve. 

A rib has a head, neck, tubercle, shaft, and angle 
(Figs. 2-13 and 2-14). The head has two facets for 
articulation with the numerically corresponding 
vertebral body and that of the vertebra immedi¬ 
ately above (Fig. 2-13). The neck is a constricted 
portion situated between the head and the tuber¬ 
cle. 

The tubercle is a prominence on the outer surface 
of the rib at the junction of the neck with the shaft. 


It has a facet for articulation with the transverse 
process of the numerically corresponding vertebra 
(Fig. 2-13). The shaft or body is thin and flattened 
and twisted on its long axis. Its inferior border has 
the costal groove. The angle is where the shaft of 
the rib bends sharply forward. The anterior end of 
each rib is attached to the corresponding costal 
cartilage. 

The first rib is atypical. It is important because 
of its close relationship to the nerves of the brachial 
plexus and the main vessels to the arm, namely, the 
subclavian vessels (Fig. 2-15). This rib is flattened 
from above downward. It has a tubercle on the in¬ 
ner border, known as the scalene tubercle, for the 
insertion of the scalenus anterior muscle. Anterior 
to the tubercle the subclavian vein crosses the rib; 
posterior to the tubercle is the subclavian groove. 












facet for tubercle of rib 



Fig. 2-13. Fifth right rib as it articulates with verte¬ 
bral column posteriorly and w ith sternum ante¬ 
riorly. Note that rib head articulates w ith vertebral 
body of its own number and that of vertebra im¬ 
mediately above. Note also presence of costal 
groove along inferior border of the rib. 



Fig. 2-14. Fifth right rib, as seen from posterior as¬ 
pect. 
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Fig. 2-15. Thoracic inlet, showing Cervical dome of 
pleura on left side of body and its relationship to 
inner border of first rib. Note also the presence of 
brachial plexus and subclavian vessels. 

where the subclavian artery and the lower trunk of 
the brachial plexus cross the rib and lie in contact 
with the bone. 


Intercostal Spaces 

The spaces between the ribs are called intercostal 
spaces. Each space contains three muscles, com¬ 
parable to those of the anterior abdominal wall, 
and a neurovascular bundle (Fig. 2-16). 


Intercostal Muscles 

The external intercostal muscle forms the most su¬ 
perficial layer. Its fibers are directed downward 
and forward from the inferior border of the rib 


above to the superior border of the rib below (Fig. 
2-16). The muscle extends forward from the rib tu¬ 
bercle behind to the costochondral junction in 
front, where the muscle is replaced bv an aponeu¬ 
rosis, the anterior (external) intercostal membrane 
(Fig. 2-17). 

The internal intercostal muscle forms the inter¬ 
mediate layer. Its fibers are directed downward 
and backward from the subcostal groove of ihe rib 
above to the upper border of the rib below (Fig. 2- 
16). The muscle extends backward from the ster¬ 
num in front to the angles of the ribs behind, 
where the muscle is replaced by an aponeurosis, 
the posterior (internal) intercostal membrane (Fig. 
2-17). 

The transversus thoracis muscle forms the deep¬ 
est laver and corresponds to the transversus ab¬ 
dominis muscle in the anterior abdominal wall. It 
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Fig. 2-16. (A) Section through an intercostal space. 
(B) Structures penetrated b\' a needle when it 
passes from skin surface to pleural cav ity . Needle 
has been introduced into sevendi intercostal space 
in midaxillarv line. 


learn the details of the attachments of these muscle 
fibers. 


is an incomplete muscle layer and crosses more 
than one intercostal space within the ribs. It is re¬ 
lated internally to fascia (endothoracic fascia) and 
parietal pleura and externally to the intercostal 
nerves and vessels. The transversus thoracis muscle 
may be divided into three portions (Fig. 2-17), 
which are more or less separate from one another; 
(1) the subcostalis, (2) the mtercostalis intimus, 
and (3) the sternocostalis. It is not necessarv to 


Action of Intercostal Muscles 

When the intercostal muscles contract, thev all 
tend to pull the ribs nearer to one another. If the 
first rib is fixed by the contraction of the muscles 
in the root of the neck, namely, the scaleni muscles, 
the intercostal muscles will raise the second to the 
twelfth ribs toward the first. If, on the other hand, 
the twelfth rib is fixed bv the quadratus lumborum 
muscle and the oblique muscles of the abdomen, 
the first to the eleventh ribs will be lowered by the 
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Fig. 2-17. Cross section of thorax, showing distribu¬ 
tion of a typical intercostal nerve and a posterior 
and an anterior intercostal artery. 


contraction of the intercostal muscles. In addition, 
the tone of the intercostal muscles during the dif¬ 
ferent phases of respiration serves to strengthen the 
tissues of the intercostal spaces, thus preventing 
the sucking in or the blowing out of the tissues with 
changes in intrathoracic pressure. For further de¬ 
tails concerning the action of these muscles, see 
mechanics of respiration on page 95. 


Nerve Supply of Intercostal Muscles 

The intercostal muscles are supplied bv the corre¬ 
sponding intercostal nerves. 

The intercostal nerves and blood vessels (the 
neurovascular bundle), as in the abdominal wall, 
run between the middle and innermost layers of 
muscles (Figs. 2-16 and 2-17). They are arranged 
in the following order from above downward: in¬ 
tercostal vein, intercostal artery, and intercostal 
nerve (i.e., V.A.N.). 


Intercostal Arteries and Veins 

Each intercostal space possesses a large single pos¬ 
terior intercostal artery and two small anterior in¬ 
tercostal arteries. 

The posterior intercostal arteries of the first two 
spaces are branches from the superior intercostal 
artery, a branch of the costocervical trunk of the 
subclavian artery. The posterior intercostal arteries 
of the lower nine spaces are branches of the tho¬ 
racic aorta (Fig. 2-17). 

The anterior intercostal arteries of the first six 
spaces are branches of the internal thoracic artery 
(Fig. 2-17). The anterior intercostal arteries of the 
lower spaces are branches of the musculophrenic 
artery, one of the terminal branches of the internal 
thoracic artery. 

Each intercostal artery gives off branches to the 
muscles, skin, and parietal pleura. In the region of 
the breast in the female, the branches to the super¬ 
ficial structures are particularly large. 

The corresponding posterior intercostal veins 
drain backward into the azygos or hemiazygos 
veins, and the anterior intercostal veins drain for- 
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ward into the internal thoracic and musculo¬ 
phrenic veins. 


Intercostal Nerves 

The intercostal nerves are the anterior rami of the 
first eleven thoracic spinal nerves. The anterior ra¬ 
mus of' the twelfth thoracic nerve lies in the abdo¬ 
men and runs forward in the abdominal wall as 
the subcostal nerve. 

Each intercostal nerve enters an intercostal space 
between the parietal pleura and the posterior in¬ 
tercostal membrane (Figs. 2-16 and 2-17). It then 
runs forward inferiorlv to the intercostal vessels in 
the subcostal groove of the corresponding rib, be¬ 
tween the transversus thoracis and internal inter¬ 
costal muscle. The first six nerves are distributed 
within their intercostal spaces. The seventh to 
ninth intercostal nerves leave the anterior ends of 
their intercostal spaces by passing deep to the cos¬ 
tal cartilages, to enter the anterior abdominal wall. 
In the case of the tenth and eleventh nerves, since 
the corresponding ribs are floating, these nerves 
pass directly into the abdominal wall. 


BRANCHES 

The branches of the intercostal nerves (Fig. 2-17) 

are as follows: 

1. Rami communicantes connect the intercostal 
nerve to a ganglion of the sympathetic trunk (see 
Fig. 1-26). The gray ramus joins the nerve medial 
to the point at which the white ramus leaves it. 

2. A collateral branch, which runs forward inferi¬ 
orlv to the main nerve on the upper border of 
the rib below. 

3. A lateral cutaneous branch , which reaches the 
skin near the midaxillarv line. It divides into an 
anterior and a posterior branch. 

4. An anterior cutaneous branch , which reaches the 
skin near the midline. It divides into a medial 
and a lateral branch. 

5. Numerous muscular branches are given off by 
the main nerve and its collateral branch. 

6. Pleural and peritoneal (7-11 intercostal nerves 
only) sensory branches . 


The first intercostal nerve is joined to the brachial 
plexus by a large branch that is equivalent to the 
lateral cutaneous branch of typical intercostal 
nerves. The remainder of the first intercostal nerve 
is small, and there is no anterior cutaneous branch. 

The second intercostal nerve is joined to the me¬ 
dial cutaneous nerve of the arm by a branch, called 
the intercostobrachial nerve , that is equivalent to 
the lateral cutaneous branch of other nerves. The 
second intercostal nerve therefore supplies the skin 
of the armpit and the upper medial side of the 
arm. 

With the exceptions noted, the first six intercos¬ 
tal nerves therefore supply (1) the skin and the pa¬ 
rietal pleura covering the outer and inner surfaces 
of each intercostal space, respectively, and (2) the 
intercostal muscles of each intercostal space and 
the levator costarum and serratus posterior mus¬ 
cles. 

In addition, the seventh to the eleventh intercos¬ 
tal nerves supply (1) the skin and the parietal peri¬ 
toneum covering the outer and inner surfaces of 
the abdominal wall, respectively, and (2) the an¬ 
terior abdominal muscles, which include the exter¬ 
nal oblique, internal oblique, transversus abdorn- 
inis, and rectus abdominis muscles. 


Suprapleural Membrane 

Superiorly, the thorax opens into the root of the 
neck by a narrow aperture known as the thoracic 
inlet. As stated previously, it is bounded by the su¬ 
perior border of the manubrium sterni, by the me¬ 
dial borders of the first ribs, and by the body of the 
first thoracic vertebra.. The thoracic inlet transmits 
structures that pass between the thorax and the 
neck (esophagus, trachea, blood vessels, etc.) and 
for the most part lie close to the midline. On either 
side of these structures the inlet is closed by a dense 
fascial layer called the suprapleural membrane 
(Fig. 2-18). This tent-shaped fibrous sheet is at¬ 
tached laterally to the medial border of the first rib 
and costal cartilage. It is attached at its apex to the 
tip of the transverse process of the seventh cervical 
vertebra and medially to the fascia investing the 
structures passing from the thorax into the neck. It 
protects the underlying cervical pleura and resists 
the changes in intrathoracic pressure occurring 
during respiratory movements. 
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first thoracic 
vertebra 



Fig. 2-18. Thoracic cage viewed from above, show¬ 
ing thoracic inlet. Note the cervical dome of parie¬ 
tal pleura on the right side and the suprapleural 
membrane on the left side. Note that the fibrous 
suprapleural membrane is attached superiorly to 
the transverse process of the seventh cervical 
vertebra. 


Diaphragm 

Inferiorlv, the thorax opens into the abdomen by a 
wide aperture known as the thoracic outlet. It is 
bounded bv the xiphisternal joint, the costal mar¬ 
gin, and the body of the twelfth thoracic vertebra. 
It is closed by a muscular and tendinous septum, 
the diaphragm, which is pierced by the structures 
that pass between the thorax and the abdomen. 

The diaphragm is the primary muscle of respi¬ 
ration. It is dome-shaped and consists of a periph¬ 
eral muscular part, which arises from the margins 
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right phrenic nerve 


inferior vena cava 


central tendon 


right crus 
left crus 


subcostal nerve 


quadratus lumborum muscle 



left phrenic nerve 


ian arcuate ligament 
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twelfth rib 


psoas muscle 


sympathetic trunk 


Fig. 2-19. Diaphragm as seen from below. The ante¬ 
rior portion of the right side has been removed. 
Note sternal, costal, and vertebral origins of muscle 
and important structures that pass through it. 


of the thoracic outlet, and a centrally placed ten¬ 
don (Fig. 2-19). The origin of the diaphragm may 
be divided into three parts: 

1. A sternal part consisting of small right and left 
slips arising from the posterior surface of the 
xiphoid process (Fig. 2-19). 

2. A costal part consisting of six slips that arise 
from the deep surfaces of the lower six ribs and 
their costal cartilages (Fig. 2-19). 

3. A vertebral part arising by means of vertical col¬ 
umns or crura and from the arcuate ligaments. 

The right crus arises from the sides of the bodies 
of the first three lumbar vertebrae; and the inter¬ 
vertebral discs; the left crus arises from the sides of 
the bodies of the first two lumbar vertebrae and 
the intervertebral disc (Fig. 2-19). 

Lateral to the crura the diaphragm arises from 


the medial and lateral arcuate ligaments (Fig. 2- 
19). The medial ligament is the thickened upper 
margin of the fascia covering the anterior surface 
of the psoas muscle (Fig. 2-19), and the lateral lig¬ 
ament is the thickened upper margin of the fascia 
covering the anterior surface of the quadratus lum¬ 
borum muscle. The medial arcuate ligament ex¬ 
tends from the side of the body of the second lum¬ 
bar vertebra to the tip of the transverse process of 
the first lumbar vertebra. The lateral arcuate liga- 
ment extends from the tip of the transverse process 
of the first lumbar vertebra to the lower border of 
the twelfth rib. 

The fibrous medial borders of the two crura are 
connected by a median arcuate ligament, which 
crosses over the anterior surface of the aorta (Fig. 
2-19). 

The diaphragm is inserted into a central tendon, 
which is trefoil in shape. The superior surface of 
the tendon is partially fused with the inferior sur¬ 
face of the fibrous pericardium. Some of the mus¬ 
cle fibers of the right crus pass up to the left and 
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surround the esophageal orifice in a slinglike loop. 
These fibers appear to act as a sphincter and pos¬ 
sibly assist in the prevention of regurgitation of the 
stomach contents into the thoracic part of the 
esophagus (Fig. 2-19). 


Shape of the Diaphragm 

As seen from in front, the diaphragm curves up 
into right and left domes. The right dome reaches 
as high as the upper border of the fifth rib, and the 
left dome may reach the lower border of the fifth 
rib. The central tendon lies at the level of the xiphi¬ 
sternal joint. The levels of the diaphragm will vary 
with the phase of respiration, posture, and the de¬ 
gree of distention of the abdominal viscera. The 
diaphragm is lower when a person is sitting or 
standing; it is higher in the supine position and 
after a large meal. 

When seen from the side, the diaphragm has the 
appearance of an inverted J, the long limb extend¬ 
ing up from the vertebral column and the short 
limb extending forward to the xiphoid process. 


Action 

1. Muscle of inspiration. On contraction, the dia¬ 
phragm pulls down its central tendon and in¬ 
creases the vertical diameter of the thorax. The 
diaphragm is the most important muscle used 
in inspiration. 

2. Muscle of abdominal straining. Its contraction 
aids that of the muscles of the anterior abdomi¬ 
nal wall in raising the intra-abdominal pressure 
to evacuate the pelvic contents (micturition, def¬ 
ecation, parturition). This mechanism is further 
aided by the person taking a deep breath and 
closing the glottis. The diaphragm is unable to 
rise due to the air trapped in the respiratory 
tract. Now and again, air is allowed to escape, 
producing a grunting sound. 

3. Weight-lifting muscle. By taking a deep breath 
and fixing the diaphragm as described above, it 
is possible to raise the intra-abdominal pressure 
to such an extent that it will help support 
the vertebral column and prevent flexion. This 
greatly assists the postvertebral muscles in the 
lifting of heavy weights. Needless to say, it is im¬ 
portant to have adequate sphincteric control of 


the bladder and anal canal under these circum¬ 
stances. 

4. Thoraco-abdominal pump. The descent of the 
diaphragm decreases the intrathoracic pressure 
and at the same time increases the intra-abdom¬ 
inal pressure. This pressure change compresses 
the blood in the inferior vena cava and forces it 
upward into the right atrium of the heart. 
Lymph within the abdominal lvmph vessels is 
also compressed and its passage upward within 
the thoracic duct is aided by the negative intra¬ 
thoracic pressure. The presence of valves within 
the thoracic duct prevents backflow. 


Nerve Supply 

The motor nerve supply is from the phrenic nerve 
(C3, 4, 5) only. The sensory nerve supply to the pa¬ 
rietal pleura and peritoneum covering the central 
surfaces of the diaphragm is from the phrenic 
nerve. The sensory supply to the periphery of the 
diaphragm is from the lower five intercostal 
nerves. 


Openings in the Diaphragm 

The diaphragm has three main openings: 

1. The aortic opening, which lies anterior to the 
bodv of the twelfth thoracic vertebra between 
the crura (Fig. 2-19). It transmits the aorta, the 
thoracic duct, and the azygos vein. 

2. The esophageal opening, which lies at the level 
of the tenth thoracic vertebra in a sling of muscle 
fibers derived from the right crus (Fig. 2-19). It 
transmits the esophagus, the right and left vagus 
nerves, the esophageal branches of the left gas¬ 
tric vessels, and the lymphatics from the lower 
one-third of the esophagus. 

3. The caval opening, which lies at the level of the 
eighth thoracic vertebra in the central tendon 
(Fig. 2-19). It transmits the inferior vena cava 
and terminal branches of the right phrenic 
nerve. 

In addition to these structures, the greater, 
lesser, and lowest splanchnic nerves pierce the 
crura, the svmpathetic trunk passes posterior to the 
medial arcuate ligament on each side, and the su¬ 
perior epigastric vessels pass between the sternal 
and costal origins of the diaphragm on each side 
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(Fig. 2-19). The left phrenic nerve pierces the left 
dome to supply the peritoneum on its undersur¬ 
face, and the neurovascular bundles of the seventh 
to the eleventh intercostal spaces pass into the an¬ 
terior abdominal wall between the muscular slips 
of the costal origin of the diaphragm. 


Internal Thoracic Artery 

The internal thoracic artery supplies the anterior 
wall of the body from the clavicle to the umbilicus. 
It is a branch of the first part of the subclavian 
artery in the neck. It descends vertically on the 
pleura behind the costal cartilages, a fingerbreadth 
lateral to the sternum, and ends in the sixth inter¬ 
costal space by dividing into the superior epigastric 
and musculophrenic arteries (Fig. 2-17). 


BRANCHES 

The branches of the internal thoracic artery are as 

follows: 

1. Two anterior intercostal arteries for the upper six 
intercostal spaces. 

2. Perforating arteries, which accompany the ter¬ 
minal branches of the corresponding intercostal 
nerves. 

3. The pericardiacophrenic artery, which accom¬ 
panies the phrenic nerve and supplies the peri¬ 
cardium. 

4. Mediastinal arteries to the contents of the ante¬ 
rior mediastinum, e.g., the thvmus gland. 

5. The superior epigastric artery, which enters the 
rectus sheath and supplies the rectus muscle as 
far as the umbilicus. 

6. The musculophrenic artery, which runs around 
the costal margin of the diaphragm and supplies 
the lower intercostal spaces and the diaphragm. 


Internal Thoracic Vein 

The internal thoracic vein begins as venae comi- 
tantes of the internal thoracic arteiy. The venae 
eventually join to form a single vessel, which drains 
into the brachiocephalic vein on each side. 


Levatores Costarum 

There are twelve pairs of muscles. Each levator cos¬ 
tae is triangular in shape and arises by its apex 


from the tip of the transverse process and is in¬ 
serted into the rib below. 


Action 

Each levator costae raises the rib below and is 
therefore an inspiratory muscle. 


Nerve Supply 

Posterior rami of thoracic spinal nerves. 


Serratus Posterior 
Superior Muscle 

The serratus posterior superior is a thin, flat muscle 
that arises from the lower cervical and upper tho¬ 
racic spines. Its fibers pass downward and laterally 
and are inserted into the upper ribs. 


Action 

It elevates the ribs and is therefore an inspiratory 
muscle. 


Nerve Supply 
Intercostal nerves. 


Serratus Posterior Inferior Muscle 

The serratus posterior inferior is a thin, flat muscle 
that arises from the upper lumbar and lower tho¬ 
racic spines. Its fibers pass upward and laterally 
and are inserted into the lower ribs. 


Action 

It depresses the ribs and is therefore an expiratory 
muscle. 


Nerve Supply 
Intercostal nerves. 

A summaiy of the muscles of the thorax, their 
nerve supply, and their actions is given in Table 
2 - 1 . 




























Sti'ucture of the Thoracic Wall 75 


Table 2-1. Muscles of the Thorax 




Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

External intercostal 
muscle (11) 

(Fibers pass 
downward and 
forward) 

Inferior border of 
rib 

Superior border of 
rib below 

Intercostal nerves 

With first rib fixed 
they raise ribs 
during inspiration 
and thus increase 
anteroposterior 

Internal intercostal 
muscle (11) 

(Fibers pass 
downward and 
backward) 

Inferior border of 
rib 

Superior border of 
rib below 

Intercostal nerves 

and transverse 
diameters of 
thorax. With last 
rib fixed bv 
abdominal 
muscles they 
lower ribs during 
expiration 

Transversus thoracis 
(Incomplete 
layer— 
subcostalis, 
intercostalis 
intimus, and 
sternocostalis) 

Adjacent ribs 

Adjacent ribs 

Intercostal nerves 

Assist external and 
internal 
intercostal 
muscles 

Diaphragm (Most 
important muscle 
of respiration) 

Xiphoid process; 
lower six costal 
cartilages, first 
three lumbar 
vertebrae 

Central tendon 

Phrenic nerve 

Verv important 
muscle of 
inspiration; 
increases vertical 
diameter of 
thorax by pulling 
central tendon 
downward, 
assists in raising 
lower ribs. Also 
used in 
abdominal 
straining and 
weight-lifting 

Leva tores costarum 
(12) 

Tip of transverse 
process of C7 and 
Tl-11 vertebrae 

Rib below 

Posterior rami of 
thoracic spinal 
nerves 

Raise ribs and 
therefore 
inspiratory 
muscles 

Serratus posterior 
superior 

Lower cervical and 
upper thoracic 
spines 

Upper ribs 

Intercostal nerves 

Raises ribs and 
therefore 
inspiratory' 
muscle 

Serratus posterior 
inferior 

Upper lumbar and 
lower thoracic 
spines 

Lower ribs 

Intercostal nerves 

Depresses ribs and 
therefore 

expiratory muscle 
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CLINICAL NOTES 

When one is examining the ehest from in front, the 
sternal angle is a very important landmark. Its po¬ 
sition ean easily be felt and often seen bv the pres¬ 
ence of a transverse ridge. The finger moved to the 
right or to the left will pass direetlv onto the seeond 
costal cartilage and then the seeond rib. All other 
ribs may be counted from this point. The twelfth 
rib ean usually be felt from behind, but in some 
obese persons this may prove difficult. 

The cutaneous innervation of the anterior ehest 
wall above the level of the sternal angle is derived 
from the supraclavicular nerves (C3 and 4). Be¬ 
low this level the anterior and lateral eutaneous 
branches of the intereostal nerves supply oblique 
bands of skin in regular sequence. The skin on the 
posterior surfaee of the ehest wall is supplied by 
the posterior rami of the spinal nerves. The ar¬ 
rangement of the dermatomes is shown in Chapter 
1, Figures 1-31 and 1-32. 

The lymphatic drainage of the skin of the ante¬ 
rior chest wall passes to the anterior axillary lymph 
nodes; that from the posterior ehest wall passes to 
the posterior axillary nodes (Fig. 2-20). The lvm- 
phatie drainage of the intereostal spaees passes for¬ 
ward to the internal thoraeie nodes, situated along 
the internal thoracic arterw and posteriorly to the 
posterior intereostal nodes and the para-aortie 
nodes in the posterior mediastinum. The lymphatie 
draincite of the breast is described on page 412. 

The shape of the thorax may be distorted by eon- 
genital anomalies of the vertebral column or by the 
ribs. Destructive disease of the vertebral eolumn 
producing lateral flexion or seoliosis results in 
marked distortion of the thoraeie eage. 

Traumatic injury to the thorax is common, es¬ 
pecially as a result of automobile aecidents. In chil¬ 
dren the ribs are highly elastie, and fraetures of 
ribs are therefore rare in this age group. In the 
adult the ribs tend to break at their weakest part 
in the region of their angles. The first two ribs are 
protected by the clavicle and the pectoralis major 
musele, and the last two ribs are mobile and are 
rarely injured. 

In severe crush injuries a number of ribs may 
break. If limited to one side, the fraetures mav oc¬ 
cur near the rib angles and also anteriorly, near the 
eostoehondral junctions. This causes flail chest. If 
the fraetures oeeur on either side of the sternum, 


the sternum may be flail. In either ease, the stabil¬ 
ity of the ehest wall is lost, and the flail segment is 
sueked in during inspiration and driven out during 
expiration, thus producing paradoxical respiratory 
movements. One of the dangers of a fraetured rib 
is that it mav damage the underlying lung or upper 
abdominal organs, sueh as the liver or spleen. 

A cervical rib , i.e., a rib arising from the anterior 
tuberele of the transverse proeess of the seventh 
eervieal vertebra, oeeurs in about 0.5 pereent of 
persons (Fig. 2-21). It may have a free anterior end, 
mav be eonneeted to the first rib by a fibrous band, 
or mav artieulate with the first rib. The importance 
of a eervieal rib is that it may eause pressure on the 
lower trunk of the braehial plexus in some subjects, 
producing pain down the medial side of the fore¬ 
arm and hand and wasting of the small museles of 
the hand. It may also exert pressure on the overly¬ 
ing subelavian artery and interfere with the circu¬ 
lation of the upper limb. 

Rib excision is eommonly performed bv thoraeie 
surgeons wishing to gain entrance to the thoraeie 
cavity. A longitudinal ineision is made through the 
periosteum on the outer surfaee of the rib and a 
segment of the rib is removed. A seeond longitu¬ 
dinal ineision is then made through the bed of the 
rib, whieh is the inner covering of periosteum. Fol¬ 
lowing the operation, the rib regenerates from the 
osteogenetie layer of the periosteum. 

In situations requiring a smaller exposure, a tho¬ 
racotomy may be performed simply by making an 
ineision through an intereostal space. 

Remember that eostal eartilages sometimes be¬ 
come ossified, especially in old age, and this alters 
their usual radiographie appearanee. 

Sinee the sternum possesses red hematopoietic 
marrow throughout life, it is a common site for 


Fig. 2-21. Thoracic inlet as seen from above. Note 
presence of cervical ribs (solid black) on both 
sides. On right side of thorax, rib is almost com¬ 
plete and articulates anteriorly with first rib. On 
left side of thorax, rib is rudimentary but is contin¬ 
ued forward as fibrous band that is attached to 
first costal cartilage. Note that cervical rib may ex¬ 
ert pressure on low er trunk of brachial plexus and 
may kink subclavian artery. 








Fig. 2-20. Lymphatic drainage of skin of thorax and 
abdomen. Note that levels of umbilicus anteriorly 
and iliac crests posteriorly may be regarded as wa¬ 
tersheds for lymph flow. 
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marrow biopsy. Under a local anesthetic, a wide- 
bore needle is introduced into the marrow cavity 
through the anterior surface of the bone. The ster¬ 
num may also be split at operation to allow the 
surgeon to gain easy access to the heart, great ves¬ 
sels, and thymus gland. 

It is important to realize that the lower ribs and 
costal margin overlap and protect the upper ab¬ 
dominal contents. Nevertheless, severe injuries to 
the lower part of the thoracic wall may well be as¬ 
sociated with unsuspected injury to the liver, 
spleen, or kidney. 

It is hardly necessary to emphasize the impor¬ 
tance of knowing the surface markings of the 
pleural reflections and the lobes of the lungs. When 
listening to the breath sounds of the respiratory 
tract, it should be possible to have a mental image 
of the structures that lie beneath the stethoscope. 

The cervical dome of the pleura and the apex of 
the lungs extend up into the neck so that at their 
highest point they lie about 1 inch (2.5 cm) above 
the clavicle (Figs. 2-6, 2-15, and 2-18). Conse¬ 
quently they are vulnerable to stab wounds in the 
root of the neck or to damage by an anesthetist’s 
needle when a nerve block of the lower trunk of the 
brachial plexus is being performed. 

Remember also that the lower limit of the pleural 
reflection , as seen from the back, may be damaged 
during nephrectomy operations. The pleura crosses 
the twelfth rib and may be damaged during re¬ 
moval of the kidney through an incision in the loin. 

Certain anatomical and physiological changes 
take place in the thorax with advancing years: 

1. The rib cage becomes more rigid and loses its 
elasticity as the result of calcification and even 
ossification of the costal cartilages. 

2. The stooped posture (kyphosis), so often seen in 
the old due to degeneration of the intervertebral 
discs, decreases the chest capacity. 

3. Disuse atrophy of the thoracic and abdominal 
muscles may result in poor respiratory move¬ 
ments. 

4. Degeneration of the elastic tissue in the lungs and 
bronchi results in impairment of the movement 
of expiration. 

These changes, when severe, diminish the effi¬ 
ciency of the respiratory movements and impair 
the ability of the individual to withstand respira¬ 
tory disease. 


Hiccup is the involuntary spasmodic contraction 
of the diaphragm accompanied by the approxi¬ 
mation of the vocal folds and closure of the glottis 
of the larynx. It is a common condition in normal 
individuals and occurs after eating or drinking as a 
result of gastric irritation of the vagus nerve end¬ 
ings. It may, however, be a symptom of disease 
such as pleurisy, peritonitis, pericarditis, or ure¬ 
mia. 

The surface markings of the heart and the posi¬ 
tion of the apex beat may enable a physician to de¬ 
termine whether the heart has shifted its position 
in relation to the chest wall or whether the heart is 
enlarged by disease. The apex beat can often be 
seen and almost always can be felt. The position of 
the margins of the heart can be determined by per¬ 
cussion. 

The arch of the aorta lies behind the manubrium 
sterni. A gross dilatation of the aorta (aneurysm) 
may show itself as a pulsatile swelling in the su¬ 
prasternal notch. 

Coarctation of the aorta , a congenital anomaly, 
may produce a dilatation of the vessels taking part 
in a collateral circulation to bypass the narrowing. 
As a result, the intercostal arteries undergo ex¬ 
treme dilatation and erode the lower borders of the 
ribs, producing characteristic notching that is seen 
on radiographic examination. 

It may be necessary to pass a hypodermic needle 
through an intercostal space to withdraw a sample 
of pleural fluid or to drain fluid (pus or blood) 
away from the pleural cavity (Fig. 2-16). Or it may 
be necessary to anesthetize an intercostal nerve and 
produce a nerve block. In both cases it is essential 
that the physician know the structures that his 
needle penetrates. For example, in the midaxillary 
line over the eighth intercostal space, the needle 
pierces the following structures from without in¬ 
ward: (1) skin, (2) superficial fascia, (3) digitation 
of serratus anterior muscle, (4) external intercostal 
muscle, (5) internal intercostal muscle, (6) trans- 
versus thoracis muscle, and (7) parietal pleura. In 
order to avoid damage to the intercostal vessels and 
nerve, the needle should be inserted close to the 
upper border of the rib. To block an intercostal 
nerve, the anesthetic is infiltrated around the nerve 
trunk as it lies in the subcostal groove. 

The diaphragm is dei>eloped from three main 
sources in the embryo: (1) the septum transversum 
(the fused myotomes of segments C3, 4, and 5); (2) 
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Fig. 2-22. (1) Sliding esophageal hernia and (2) para¬ 
esophageal hernia. 


the dorsal mesentery; and (3) the pleuroperitoneal 
membranes from the body wall. Normally, these 
fuse together. Occasionally, fusion is incomplete 
and congenital herniae may occur through the fol¬ 
lowing structures: 

1. The pleuroperitoneal canal. This is more com¬ 
mon on the left side and is due to failure of fu¬ 
sion of the septum transversum with the pleu¬ 
roperitoneal membrane. 

2. The opening between the xiphoid and costal 
origins of the diaphragm. 

3. The esophageal hiatus. 

Acquired herniae may occur in middle-aged per¬ 
sons with weak musculature around the esopha¬ 


geal opening in the diaphragm. These herniae may 
be either (1) sliding or (2) para-esophageal (Fig. 2- 
22 ). 

A single dome of the diaphragm may be para¬ 
lyzed by crushing or sectioning of the phrenic nerve 
in the neck. This may be necessary in the treatment 
of certain forms of lung tuberculosis, when the 
physician wishes to rest the lower lobe of the lung 
on one side. Occasionally, the contribution from 
the fifth cervical spinal nerve joins the phrenic 
nerve late as a branch from the nerve to the sub- 
clavius muscle. This is known as the accessory 
phrenic nerve. To obtain complete paralysis under 
these circumstances, the nerve to the subclavius 
muscle must also be sectioned. 


CLINICAL PROBLEMS 

1. On examination, a patient is found to have a 
soft swelling over the fifth left intercostal space 
in the midaxillary line. Indicate on yourself the 
position of the swelling. 

2. A patient is found to be tender over the spine 
of the thoracic vertebra that is on a level with 
the inferior angle of the scapula. To which tho¬ 
racic vertebra does the spine belong? 

3. On percussion of the right border of the heart, 
the margin is found to lie 2 inches (5 cm) to the 


Answers on page 956 

right of the edge of the sternum. Which cham¬ 
ber of the heart is likely to be enlarged? 

4. A soldier who had received a shrapnel wound 
in the neck 2 years previously noticed that when 
he blew his nose or sneezed, the skin above the 
right clavicle bulged upward. Explain this up¬ 
ward bulging of the skin in anatomical terms. 

5. A young resident obtained a sample of pleural 
fluid from a patient’s pleural cavity. He inserted 
the needle close to the lower border of the 
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eighth rib in the anterior axillary line. The next 
morning he was surprised to hear that the pa¬ 
tient had complained of altered skin sensation 
extending from the point where the needle was 
inserted downward and forward to the midline 
of the abdominal wall above the umbilicus. 
Can vou explain this altered sensation in ana¬ 
tomical terms? 

6. A patient complained of a swelling in the skin 
on the back of the chest. On examination, a 
hard lump was found in the skin in the right 
scapula line opposite the seventh thoracic ver¬ 
tebra. It was a malignant tumor. Where would 
you examine for enlargement of the lvmph 
nodes draining this region? 

7. A 65-vear-old man and a 10-year-old boy were 
both involved in a severe automobile accident. 
In both cases the thorax had been badly 
crushed. On X-ray examination, the man was 
seen to have five fractured ribs, but the boy had 
no fractures. Comment on these findings. 

8. On examination of a routine postero-anterior 
chest radiograph of an 85-year-old woman, it 


was noticed that many of the costal cartilages 
showed scattered radiopaque areas. What is the 
likely explanation for these opacities? 

9. On examination of a postero-anterior chest ra¬ 
diograph of a voung woman, it was seen that 
the left dome of the diaphragm was higher 
than the right dome and reached to the upper 
border of the fourth rib. Comment on this find¬ 
ing. 

10. A patient suffering from right-sided pleurisy 
complained of pain over the tenth right inter¬ 
costal space that extended downward and for¬ 
ward across the costal margin as far as the um¬ 
bilicus. Explain in anatomical terms why the 
pain was felt over such an extensive area. 

11. Certain anatomical and physiological changes 
take place in the thorax with advancing years 
and, when severe, impair the ability of the in¬ 
dividual to withstand respiratory disease. De¬ 
scribe these changes. 

12. Describe the main anatomical structures in¬ 
volved in the production of hiccup. 


NATIONAL BOARD TYPE QUESTIONS 


Answers on page 983 


In each of the folio wing questions, answer: 

(a) IF (1) IS CORRECT ONLY 

(b) If (2) is correct only 

(c) If BOTH (1) AND (2) ARE correct, and 

(d) If neither fl) nor (2) is correct 

1. (1) The trachea bifurcates opposite the manu- 

briosternal joint (angle of Louis) in the 
midrespiratory position. 

(2) The arch of the aorta lies behind the body 
of the sternum. 

2. (1) The apex beat of the heart can normally 

be felt in the fifth left intercostal space 
about 3W inches (9 cm) from the midline. 
(2) The lower margin of the right lung on full 
inspiration could extend down in the mid- 
clavicular line to the eighth costal carti- 
lage. 

3. (1) All intercostal nerves are derived from an¬ 

terior rami of thoracic spinal nerves. 

(2) The parietal pleura is sensitive to the sen¬ 
sations of pain and touch. 


Match the statement on the left with the best 
response on the right. 


4. The thoracic duct 
passes through the 

_ opening of 

the diaphragm. 

5. The superior epi¬ 
gastric artery 
passes through the 

- opening of 

the diaphragm. 

6. The right phrenic 
nerve passes 

through the _ 

opening of the 
diaphragm. 

7. The left vagus 
nerve passes 

through the _ 

opening of the 
diaphragm. 


(a) Aortic 

(b) Esophageal 

(c) Caval 

(d) None of the above 
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In the following questions, answer: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) AND (3) ONLY ARE CORRECT 

(c) If (2) AND (4) ONLY ARE CORRECT 

(d) If (4) ONLY IS CORRECT, OR 

(e) If all are correct 

8. Which of the following statements regarding 
structures in the intercostal spaces are correct? 

(1) The intercostal blood vessels and nerves 
are positioned in the order of vein, nerve, 
and artery from superior to inferior in a 
subcostal groove. 

(2) The anterior intercostal arteries of the up¬ 
per six intercostal spaces are branches of 
the internal thoracic artery. 

(3) The intercostal nerves travel forward in an 
intercostal space between the external and 
internal intercostal muscles. 

(4) The lower five intercostal nerves supply 
sensory innervation to the skin of the lat¬ 
eral thoracic and anterior abdominal 
walls. 

9. Which of the following statements concerning 
the diaphragm are true? 

(1) The right crus provides a muscular sling 
around the esophagus and possibly pre¬ 
vents regurgitation of stomach contents 
into the esophagus. 

(2) On contraction, the diaphragm raises the 
intra-abdominal pressure and assists in 
the return of the venous blood to the right 
atrium of the heart. 

(3) On contraction, the central tendon de¬ 
scends, reducing the intrathoracic pres¬ 
sure. 

(4) The level of the diaphragm will be higher 
in the recumbent position than in the 
standing position. 

Select the best response: 

10. The sixth thoracic vertebra articulates by 
means of synovial joints with all the following 
structures except: 

(a) The head of the sixth rib 

(b) The body of the fifth thoracic vertebra 

(c) The tubercle of the sixth rib 

(d) The inferior articular process of the fifth 
thoracic vertebra 

(e) The superior articular process of the sev¬ 
enth thoracic vertebra 


11. Which of the following costal cartilages do not 
articulate directly with the body of the ster¬ 
num? 

(a) Second 

(b) Fourth 

(c) Fifth 

(d) Eighth 

(e) Third 

12. Which of the following statements is incorrect 
concerning the intercostal nerves? 

(a) They provide motor innervation to the pe¬ 
ripheral parts of the diaphragm. 

(b) They provide motor innervation to the in¬ 
tercostal muscles. 

(c) They provide sensory innervation to the 
costal parietal pleura. 

(d) They contain sympathetic fibers to inner¬ 
vate the vascular smooth muscle. 

(e) The seventh to the eleventh intercostal 
nerves provide sensory innervation to the 
parietal peritoneum. 

13. With a patient in the standing position, fluid in 
the left pleural cavity tends to gravitate down 
to the: 

(a) Oblique fissure 

(b) Cardiac notch 

(c) Costomediastinal recess 

(d) Horizontal fissure 

(e) Costodiaphragmatic recess 

14. In order to pass a needle into the pleural cavity 
in the midaxillary line, the following structures 
will have to be pierced except the: 

(a) Internal intercostal muscle 

(b) Levator costarum 

(c) External intercostal muscle 

(d) Parietal pleura 

(e) Transversus thoracis 

15. The following statements concerning the tho¬ 
racic inlet are true except: 

(a) The manubrium sterni forms the anterior 
border. 

(b) On each side, the lower trunk of the bra¬ 
chial plexus and the subclavian artery 
emerge through the inlet and pass laterally 
over the upper surface of the first rib. 

(c) The bodv of the seventh cervical vertebra 
forms the posterior boundary. 

(d) The first ribs form the lateral boundaries. 

(e) The esophagus and trachea pass through 
the inlet. 

































3. The Thorax: Part II 
The Thoracic Cavity 


The thoracic cavity may be divided into a median 
partition, called the mediastinum, and the laterally 
placed pleurae and lungs (Fig. 3-3). 


MEDIASTINUM 

The mediastinum, though thick, is movable and 
extends superiorly to the thoracic inlet and the root 
of the neck and interiorly to the diaphragm. It ex¬ 
tends anteriorly to the sternum and posteriorly to 
the twelve thoracic vertebrae of the vertebral col¬ 
umn. It contains the remains of the thvmus, the 
heart and large blood vessels, the trachea and 
esophagus, the thoracic duct and lymph nodes, the 
vagus and phrenic nerves, and the sympathetic 
trunks. 

For purposes of description, the mediastinum is 
divided into superior and inferior nwdiastina^ bv an 
imaginary plane passing from the sternal angle an¬ 
teriorly to the lower border of the body of the 
fourth thoracic vertebra posteriorly (Fig. 3-1). The 
inferior mediastinum is further subdivided into the 
middle mediastinum „\vhich consists of the pericar- 
dium^ahfl licart^tfic anterior mediastinum, which 


is a space between the pericardium and the ster¬ 
num; and the posterior mediastinum, which lies 
between the pericardium and the vertebral col¬ 
umn. 

For purposes of orientation, it is convenient to 
remember that the major mediastinal structures 
are arranged in the following order from anterior 
to posterior. 


Superior Mediastinum 

(1) Thvmus, (2) large veins, (3) large arteries, (4) 
trachea, (5) esophagus and thoracic duct, (6) sym¬ 
pathetic trunks. 

The superior mediastinum is bounded in front 
by the manubrium sterni and behind by the first 
four thoracic vertebrae (Fig. 3-1). 


Inferior Mediastinum 

(1) Thymus, (2) heart within the pericardium with 
the phrenic nerves on each side, (3) esophagus and 
thoracic duct, (4) descending aorta, (5) sympa¬ 
thetic trunks. 
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manubrium 
sternal angle 

anterior mediastinum 
body of sternum 


middle 

mediastinum 

xiphoid process 



► superior mediastinum 


^ inferior mediastinum 


diaphragm 


posterior mediastinum 


Fig. 3-1. Subdiv isions of mediastinum. 


The inferior mediastinum is bounded in front by 
the body of the sternum and behind by the lower 
eight thoracic vertebrae (Fig. 3-1). 


PLEURAE 

Before discussing the pleurae, it might be helpful 
to look at the illustrations of the development of 
the lungs in Figure 3-2. 

Each pleura has two parts: (1 }^^rietal layer, 
which ljnes the thoracic wall, covers tlie^thdracic! 
surface jjf the diaphragm and the lateral aspect of 
the mediastin um, and extends into the root of the 
neck to line the undersurface of the suprapleural 
membrane at the thoracic inlet; and CQtytyisceraty 
layer ; which completely covers the oute r su rfacesof 
the lun gs and extends into the depths of the inter¬ 
lobar fissures (Figs. 3-2, 3-3^ 3-5, and 3-30). 

The two layers become T fcon tiiniou5 with one an¬ 
other bv means of a cuff of pleura that surrounds 


the structures entering and leaving the lung at the 
lung root (Figs. 3-2, 3-3, and 3-5). To allow for 
movement of the lung root during respiration, the 
pleural_cuff hang sjdowp as a loose fold called the 
v pitlmpruuy ligament (Fig. 3-5). 

The parietal and visceral layers of pleura are sep¬ 
arated from one another by a slitlike space, the 
.pleural cavity (Figs. 3-2 and 3-3). This normally 
contalnTa small amount of tissue fluid, the pleural 
Jluid ,jwhich covers the surfaces of the pleura as a 
thin film and ^permits the two layers to move on 
each other with the minimum of friction. 

For purposes of description, it is” customary to 
divide the parietal pleura according to the region 
in which it lies or the surface that it covers. The 
cervical pleura extends up into the neck, lining the 
undersurfaCcTbf the suprapleural membrane (Fig. 
3-4). It reaches a level about 1 to IV 2 inches (2.5-4 
cm) above the medial third of the clavicle. 






























Fig. 3-2. Formation of lungs. Note that each lung 
bud invaginates wall of coelomic cavity and then 
grow s to fill greater part of cavity. Note also that 
lung is covered with visceral pleura and thoracic 
wall lined with parietal pleura. Original coelomic 
cavity is reduced to a slitlike space called the 
pleural cavity, as the result of growth of lung. 
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Fig. 3-3. Pleurae from above and in front. Note po¬ 
sition of mediastinum and root of each lung. 

The costal pleura lines the inner surfaces of the 
ribs, the costal' cartilages, the intercostal spaces, 
the sides of the vertebral bodies, and the back of 
the sternum (Fig. 3-3). 

The .diaphragrnatic^pleura covers the thoracic 
surface'of the diaphragm (Figs. 3-3 and 3-5). In 
quiet respiration the costal and diaphragmatic 
pleurae are in apposition to each other.below the 
lower border of the lung. In deep [inspirati on, the 
margins of thej^ase of the lung descend, and the 
costal _and_dia phra gmaticT^Sle urae'‘s eparate. This 
lower area of the pleural'cavity into whiclf the lung 


expands on inspiration is referred to as the costo¬ 
diaphragmatic recess (Figs. 3-2 and 3-5). The recess 
is 2 inches (5 cm) deep in the scapular line poste¬ 
riorly; 3 to 3Vi inches (8-9 cm) in the midaxillary 
line; and 1 to IVz inches (2.5^4 cm) in the mid- 
clavicular line. 

The ,/nedmstiual pleiira covers and forms the lat¬ 
eral boundary of the mediastinum (Figs. 3-3 and 3- 
5). At the root of the lung it is reflected as a cuff 
around the vessels and bronchi and here becomes 
continuous with the visceral pleura. It is thus seen 
that each lung lies free except at its root, where it 
is attached to the blood vessels and bronchi. During 
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location of 
apex of lung 


first rib 



transverse process of 
/ seventh cervical vertebra 


✓ suprapleural membrane 


..parietal pleura 


visceral pleura 
clavicle 



Fig. 3-4, Lateral view of upper opening of thoracic 
cage, showing how apex of lung projects superiorly 
into the root of the neck. Note that lung apex is cov¬ 
ered w ith visceral and parietal layers of pleura and 
is protected bv the suprapleural membrane. 
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cervical pleura 
(parietal pleura) 


costal pleura 
(parietal pleura) 


left lung 


visceral pleura 


mediastinal pleura 
(parietal pleura) 


pulmonary veins 


cuff of pleura 



diaphragmatic pleura 
(parietal pleura) 


Fig. 3-5. Different areas of parietal pleura. Note cuff 
of pleura (dotted lines) that surrounds structures 
entering and leaving root of left lung. It is here that 
parietal and visceral layers of pleura become con¬ 
tinuous, Arrows indicate position of costodia¬ 
phragmatic recess, 

full inspiration the lungs expand and fill the 
pleural cavities.~However, during qu ie t insp iration 
there are fh7ee~Sites where the lungs do not fully 
occupy the pleural cavities. These are the right and 
leffcdstodiaphragmatic recesses and the right and 
left costomediastinal recesses. 

The costodiaphragmatic recesses are slitlike 
spaces between the costal and diaphragmatic pari¬ 
etal pleurae that are separated only by a capillary 
layer of pleural fluid. During inspiration the lower 
margins of the lungs descend into the recesses. 


During expiration the lower margins of the lungs 
ascend so that the costal and diaphragmatic pleu¬ 
rae come together again. 

The costomediastinal recesses are situated along 
the anterior margins of the pleura. They are slitlike 
spaces between the costal and mediastinal parietal 
pleurae that are separated by a capillary layer of 
pleural fluid. During inspiration and expiration the 
anterior borders of the lungs slide in and out of the 
recesses. 

The surface marking of the lungs and pleurae 
have already been described on page 57. 


Nerve Supply of the Pleura 

The parietal pleura is supplied as follows: The cos\ 
tal pleura is segmentally supplied by the intercostal 
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erves; the med iastinal pleura is supplied bv the 

fphrenic nerve; la nd the fdia phra~gmatic~pleuraj is 
supplied over the domes bv the|phrenic nerve and 
around the periphery by the lower live intercostal 
nerves. The'visceral pleura | cove ring -the lungs re¬ 
ceives an’ autonomic vasomo tor_ supply, but is in¬ 
sensitive tcTcomfrion sensations such as pain and 
touch. 


Trachea 

The trachea is a tube about 5 inches (13 cm) long 
and 1 inch (2.5 cm) in diameter (Fig. 3-6). It has a 
fibroelastic wall in which are embedded a series of 
U-shaped bars of hyaline cartilage that keep the lu¬ 
men patent. The trachea commences in the neck 
below the cricoid cartilage of the larynx at the level 
of the body of the sixth cervical vertebra. It ends 
below in the thorax at the level of the sternal angle 
(lower border of the fourth thoracic vertebra) by 
dividing into the right and left principal (main) 
bronchi. In deep inspiration the bifurcation de¬ 
scends to the level of the sixth thoracic vertebra. 

The relations of the trachea in the neck are de¬ 
scribed on page 736. 

The relations of the trachea in the superior me¬ 
diastinum of the thorax are as follows: 


Anteriorly 

The sternum, the thymus, the left brachiocephalic 
vein, the origins of the brachiocephalic and left 
common carotid arteries, the arch of the aorta 
(Figs. 3-6, 3-14, and 3-29). 


Posteriorly 

The esophagus and the left recurrent laryngeal 
nerve (Fig. 3-29). 


Right Side 

The azygos vein, the right vagus nerve, and the 
pleura (Figs. 3-24 and 3-29). 


Left Side 

The arch of the aorta, the left common carotid and 
left subclavian arteries, the left vagus and left 


phrenic nerves, and the pleura (Figs. 3-25 and 
3-29). 

Principal Bronchi 

The right principal^ (main) bronchus is wider , 
shorter, and more vertical than the left (Fig. 3-6). 
It is about 1 inch (2.5 cm) long. Before entering the 
hilum of the right lung, the principal bronchus 
gives off the superior lobar bronchus. On entering 
the hilum it divides into a middle and inferior lobe 
bronchus. 

The left principal (main) bronchus is narrower, 
longer, "and more horizontal than the right and is 
about 2 inches (5 cm) long. It passes to the left 
below the arch of the aorta and in front of the 
esophagus. On entering the hilum of the left lung, 
it divides into a superior and an inferior lobar 
bronchus. 


LUNGS 

During life the two lungs are soft and spongy. They 
are very elastic and should the thoracic cavity be 
opened they immediately shrink to one-third or less 
in volume. In the child they are pink in color, but 
with age they become dark and mottled due to the 
inhalation of dust particles that become trapped in 
the phagocytes of the lung._ This is especially well 
seen in city dwellers and coal miners. The lungs are 
situated so that one lies on each side of the me¬ 
diastinum. They are therefore separated from each 
other by the heart and great vessels and other 
structures in the mediastinum. Each lung is conical 
in shape and is covered with visceral pleura. It is 
suspended free in its own pleural cavity, being at¬ 
tached to the mediastinum onlv bv its root (Fig. 
3-2). 2^ 

Each lung has a blunf apex, which projects up¬ 
ward into the neck for about 1 inch (2.5 cm) above 
the clavicle, a convex ,costal surface, yv hich corre¬ 
sponds to the chest wall, and a concave medias¬ 
tinal suiface, which is molded to the pericardium 
and other mediastinal structures (Figs. 3-7, and 3- 
8). At about the middle of this surface, the hilum 
is located, a depression in which the bronchi, ves¬ 
sels, and nerves enter the lung to form the root. 

The anterior border is thin and overlaps the 
heart; it is here on the ,left,lung that the'cardiac 
notch is : found. The posterior border is thick and 
lies beside the vertebral column. 
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brachiocephalic artery 

arch of aorta 
right principal bronchus 


descending aorta 


thoracic duct 

left recurrent laryngeal nerve 


left subclavian artery 
left common carotid artery 

left principal bronchus 



lunen of right principal bronchus 


left principal bronchus 


Fig. 3-6. Thoracic part of trachea. Note that right 
principal bronchus is the wider and more direct 
continuation of trachea, as compared w ith the left. 
Bifurcation of trachea view ed from above is also 
shown. 
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lower lobe 


Fig. 3-7. Lateral and medial surfaces of right lung. 


Lobes and Fissures 

) T 

The fight-dung is slightly larger than the left and is 
divided by the oblique and horizontal fissures into 
three lobes, the upper , middle, and lower lobes _ 
(Figs. 3-7 and 3-8). The obliqueTTssures'runs from 
the inferior border upward and backward across 
the medial and costal surfaces until it cuts the pos¬ 
terior border about 2V-> inches (6.25 cm) below 
the apex. The horizontal fissure runs horizontally 
across the costal surface at the level of the fourth 
costal cartilage to meet the oblique fissure in the 
midaxillary line. The middle lobe is thus a small 
triangular lobe bounded by the horizontal and 


oblique fissures. 

The left lung is divided by a similar oblique fis¬ 
sure into two lobes, the upper and the lower lobes 
(Fig. 3-8). There is no horizontal fissure in the left 
lung. 


Bronchopulmonary Segments 

Each lobar ^secondary) bronchus, which passes to 
a lobe of the lung, gives off' branches called seg¬ 
mental (tertiary) bronchi (Fig. 3-9). Each segmen¬ 
tal bronchus passes to a structurally and function¬ 
ally independent unit of a lung lobe called a 
bronchopulmonary segment (Fig. 3-10). A broncho¬ 
pulmonary segment of lung tissue is pyramidal in 
shape, having its apex toward the root of the lung 
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apex 



lower lobe 


Fig. 3-8. Lateral and medial surfaces of left lung. 

and its base toward the lung surface. Each bron¬ 
chopulmonary segment is surrounded by connec¬ 
tive tissue, and in addition to its own bronchus it 
receives an artery, a vein, lymph vessels, and auto¬ 
nomic nerves. The main bronchopulmonary seg¬ 
ments (Fig. 3-10) are as follows: 


RIGHT LUNG 

Superior lobe (1) Apical, (2) posterior, (3) 
anterior. 

Middle lobe (4) Lateral, (5) medial. 

Inferior lobe (6) Superior (apical), (7) medial 
basal, (8) anterior basal, (9) 
lateral basal, (10) posterior 
basal. 


LEFT LUNG 


Superior lobe (1) Apical, (2) posterior, (3) 

anterior, (4) superior lingular, 
(5) inferior lingular. 

Inferior lobe (6) Superior (apical), (7) medial 
basal, (8) anterior basal, (9) 
lateral basal, (10) posterior 
basal. 


While the general arrangement of the broncho¬ 
pulmonary segments is of clinical importance, it is 
unnecessary to memorize the details unless one is 
intending to specialize in pulmonary medicine or 
surgery.' 

The root of the lung is formed of structures that 
are entering or leaving the lung. It is made up of 
the bronchi, pulmonary artery and veins, lym ph 




















Lungs 93 



/ / 



Fig. 3-9. Trachea, bronchi, broncioles, alveolar 
ducts, alveolar sacs, and alveoli. Note the path 
taken by inspired air from the trachea to the al 
veoli. 
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RIGHT 


LEFT 




Fig. 3-10. Bronchopulmonary segments of each 
lung. 
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v essels, b ronchia l ve ssel s, and nerves. It is sur¬ 
rounded bv a tubular sheath of pleura, which joins 
the mediastinal parietal pleura to the visceral 
pleural covering the lungs (Figs. 3-5, 3-24, and 3- 
25). 


Blood Supply of Lungs 

The bronchi, the connective tissue of the lung, and 
the visceral pleura receive their blood supply from 
the bronc hial arte ries, which are branc hes of the 
d escending aort a. The .bronchial veins (which com¬ 
municate with the pulmonary veins) drain into the 
azygos and hemiazygos vein s. 

The alveo li receive deox yg enated blood from the 
terminal branches of the jmlmonaiy arteries! The / 
oxygenated blood leaving the alveolar capillaries 
drains into the tributaries of the pulmonary veins, 
which follow the intersegmental connective tissue 
septa to the lung root. Two pulmonary vejns leave 
each lung root (Figs. 3^2Tand 3-25j7~ 


Lymph Drainage of Lungs 


The lvmph vessels originate in superficial and deep 
plexuses (Fig. 3-11). The superficial plexus lies be¬ 
neath the viscera] pleura; the deep plexus travels 
along the bronchi and pulmonary vessels toward 
the root of the lung. Th e-vessels from the deep 
plexus drai n into pulmonary nodes, which are lo¬ 
cated within the lung close to the hilum. All lvmph 
from the pulmonary nodes and from the superfj- 
cial plexus dr ain into the" bronchopulmonary ngde& 
in the hilum. The lymplrtHeiTdfains into the bron¬ 
chomediastinal lymph trunks. The two trunks as¬ 
cend on either side of the /trachea and drain' into 
the brachiocephalic v ein .or the t horacic or right 
lymphatic ducts. / ' , 


pathetic efferent fibers produce bronchoconstric- 
tion, vasodilatation, and increased glandular 
secretion. 

Afferent impulses derived from the bronchial 
mucous membrane and from stretch receptors in 
the alveolar walls pass to the central nervous sys¬ 
tem in both sympathetic and parasympathetic 
nerves. 


The Mechanics of Respiration 

Respiration consists of two phases, inspiration and 
expiration. They are accomplished by the alternate 
increase and decrease of the capacity' of the_t_ho- 
racic cavity . The rate varies between 16 and 20 per 
minute in normal resting subjects, and is faster in 
children and slower in the old. 


INSPIRATION 
Quiet Inspiration 

Compare the thoracic cavity to a box with a single 
entrance at the top, which is a tube, the trachea 
(Fig. 3-12). The capacity of the box can be in¬ 
creased by elongating all its diameters, and this 
will result in air under atmospheric pressure enter¬ 
ing the box through the tube. 

Consider now the three diameters of the thoracic 
cavity and how they may be increased (Fig. 3-12). 

Vertical Diameter 

Theoretically, the roof could be raised and the floor 
lowered. The roof is formed by the suprapleural 
membrane and is fixed. On the other hand, the 
floor is formed by the mobile diaphragm. When 
the diaphragm contracts, the domes become flat¬ 
tened and the level of the diaphragm is lowered 
(Fig. 3-12). 


Nerve Supply of Lungs 

At the root of each lung is a^pulmonaiy plexus 
composed o f effe r ent an d afferent autonomic nerve 
fibers. The plexus is formed from Branches of the 
sy mpathetic tf unkand receives parasympathetic fi¬ 
bers from-theVagus nerve/) 

The svmpatl^JjcTefFerent fibers produce brop- 
chodilatation and vasoconstriction. The parasvm- 


Anteroposterior Diameter 

If the downward-sloping ri bs were raised at their 
sternal ends, the anteroposterior diameter of the 
thoracic cavity would be increased and the lower 
end of the s ternu m would be thrust forwar d (Fig. 
3-12). This can be brought about by fixim^the first 
rib bv the contraction of the scaleni muscles of the 
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tracneobronchial nodes 


bronchopulmonary nodes 


pulmonary nodes 


left recurrent laryngeal nerve 



superficial lymphatic plexus 
deep lymphatic plexus 


Fig. 3-11. Lymph drainage of lung and low er end of 
esophagus. 


Fig. 3-12. The different w ays in w hich capacity' of 
thoracic cavity is increased during inspiration. 
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neck and contracting the intercostal muscles (Fig. 
3-13). Bv this means all the ribs are drawn together 
and raised toward the first rib. 


Transverse Diameter 

The ribs articulate in front with the sternum via 
their costal cartilages and behind with the verte¬ 
bral column. Since the ribs curve downward as 
well as forward around the chest wall, they resem¬ 
ble bucket handles (Fig. 3-12). It therefore follows 
that if the ribs are raised (like bucket handles), the 
transverse diameter of the thoracic cavity wall be 
increased. As described previously, this can be ac¬ 
complished by fixing the first rib and raisin g Jhe 
other ribs to it bv contractin g jjiejuitercostaLmus- 
elcsXFjg.. 3-13). ‘ 

An additional factor, which must not be over¬ 
looked, is the effect of the descent of the dia¬ 
phragm on the abdominal viscera, and the tone of 
the muscles of the anterior abdominal wall. As the 
diaphragm descends on inspiration, the intra-ab¬ 
dominal pressure rises. This rise in pressure is ac¬ 
commodated bv the reciprocal relaxation of the ab¬ 
domi nal wall musculature. TTdwevcr, a point is 
reached when no further abdominal relaxation is 
possible, and the liver and other upper abdominal 
viscera act as a platform that resists further dia¬ 
phragmatic descent. On further contraction the 
diaphragm will now have its central tendon sup¬ 
ported from below, and its shortening muscle fi¬ 
bers wall assist the intercostal muscles in raising 
the lower ribs (Fig. 3-13). 

Apart from the diaphragm and the intcrcostals, 
other less important muscles also contract on in¬ 
spiration and assist in elevating the ribs, namclv, 
the levutores costarum muscles and the sermtus 
posterior superior muscles. 


Forced Inspiration 

In deep forced inspiration there is a maximum in¬ 
crease in the capacity of the thoracic cavity. Every 
muscle that can raise the ribs is brought into ac¬ 
tion, including the scalenus anterior and medius 
and the sternocleidomastoid. In respiratorv distress 
the action of all the muscles alreadv engaged be¬ 
comes more violent and the scapulae are fixed bv 
the trapezius, levator scapulae, and rhomboid 
muscles, enabling the serratus anterior and pcctor- 


alis minor to pull up the ribs. If the upper limbs 
can be supported bv grasping a chair back or table, 
the sternal origin of' the pectoralis major muscles 
can also assist the process. 

Lung Changes on Inspiration 

In inspiration, the root of the lung descends and 
the level of the bi fllrca tio nbr ihe~trache a may be 
lowered bv as much two vertebrae. The bronchi 
'elongate and dilate and the alveolar capillaries di- 
laTcTthus assisting the pulmonary circulation. Air 
is drawn into the bronchial tree as the result of the 
positive atmospheric pressure exerted through the 
upper part of the respiratory tract, and the negative 
pressure on the outer surface of the lungs brought 
about by the increased capacity of the thoracic cav¬ 
ity. With the expansion of the lungs, the elastic tis¬ 
sue in the bron c hial wa lls~andxonnectiyejissuejs 
stretched. As the diaphragm descends, the costo¬ 
diaphragmatic recess of the pleural cavity opens 
up, and the expanding sharp lower edges of the 
lungs descend to a lower level. 


EXPIRATION 
Quiet Expiration 

Quiet expiration is large ly a passive phenomenon 
and is brought about by the elastic_ recoil_Qf the 
lungs, the relaxation of the inter costa l muscles and 
aiaphragm, and an i ncrease in tone of the mu scles 
oTllie^ant erior abdom inal wall, which forces the 
relaxing diaphragm upward. The serratus posterior 
inferior muscles play a minor role in pulling down 
the lower ribs. 


Forced Expiration 

Forced expiration is an active proc ess brought 
about by the forcible contraction of the muscula- 


Fig. 3-13. (A) How intercostal muscles raise ribs 
during inspiration. Note that scaleni muscles fix 
first rib, or in forced inspiration raise first rib. (B) 
How intercostal muscles can be used in forced ex¬ 
piration provided that twelfth rib is fixed or made 
to descend by abdominal muscles. (C) Ho\\ r liver 
provides platform to enable diaphragm to raise 
low er ribs. 
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artery 

right subclavian 
artery and vein 

brachiocephalic 
artery 

right brachiocephalic 
vein 

superior vena 
cava 

right lung 


trachea 


esophagus 


left common 
carotid artery 

left subclavian 
artery and vein 



left brachiocephalic 
vein 


left lung 
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Fig. 3-14. Pericardium and lungs exposed from in 
front. 


ture of the anterior abdominal wall. The quadratus 
lumborum also contracts and pulls down the 
twelfth ribs. It is conceivable that under these cir¬ 
cumstances some of the intercostal muscles may 
contract, pull the ribs together, and depress them 
to the lowered twelfth rib (Fig. 3-13). The serratus 
posterior inferior and the latissimus dorsi muscles 
may also play a minor role. 


Lung Changes on Expiration 

In expiration, the roots of the lungs ascend along 
with the bifurcation of the trachea. The bronchi 
shorten and contract. The elastic tissue of the lungs 
recoils, and the lungs become reduced in size. With 
the upward movement of the diaphragm, increas¬ 
ing areas of the diaphragmatic and costal parietal 
pleura come into apposition, and the costodia¬ 
phragmatic recess becomes reduced in size. The 


lower margins of the lungs shrink and rise to a 
higher level. 


TYPES OF RESPIRATION 


In babies and young children the jibs aye nearly 
horizonta l. Thus, they have t o rely mainly on the 
descent of the diaphragm to increase their thoracic 
capacity on inspiration. Since this is accompanied 
bv a marked inward and outward excursion of the 
anterior abdominal wall, which is easily seen, res¬ 
piration at this age is referred to as the abdominal 
type of respiration. 

A fter t he second year the ribs become more 
oblique, and the adult form of respiration is estab¬ 
lished. 

It is interesting to note that in the adult there is 
a sexual difference in the type of respiratory move¬ 
ments. Thevjemale tends to rely mainly on the 
movements of the ribs rather than the descent of 
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the diaphragm on inspiration. This is referred to as 
the thoracic t\'pe of respiration. The male uses both 
the thoracic and abdominal forms of respiration, 
but mainly the abdominal form. 


Pericardium 


The pericardiu m- is a sac that enc loses the heart 
and the roots of the great vessels. It lk^ within the 
middle mediastinum (Figs. 3-1, 3-14, 3-15, and 3- 
16). It is located posterior to the body of the ster¬ 
num and the second to the sixth costal cartilages, y'' 
The jfibrous p ericardium is the fibrous part of the 
sac and serves to limit the movement of the heart. 


It is firmly attached below to the central tendon of 
the diaphragm. It blends with the outer coats of 
the great blood vessels passing through it (Fig. 3- 
15), namely, the aorta, the pulmonary trunk, the 
superior and inferior venae cavae, and the pulmo¬ 
nary veins (Fig. 3-16). It is attached in front to the 
sternum bv th e sternoperi cardial ligaments. 

Th f serous pericardium is divided into parietal 
and visceral layers (Fig. 3-15). The parietal layer 
lines the fibrous pericardium and is reflected 
around the roots of the great vessels to become con¬ 
tinuous with the visceral layer of serous pericar¬ 
dium (Fig. 3-16). 

The visceral layer is closely applied to the heart 
and is often called the epicardium. The slitlike 
space between the parietal and visceral layers is re¬ 
ferred to as the pericardial cavity (Fig. 3-15). Nor¬ 
mally, the cavity contains a small amount of tissue 
fluid, which acts as a lubricant to facilitate move¬ 
ments of the heart. 

On the posterior surface of the heart, the reflec¬ 
tion of the serous pericardium .around theJarge 
veins forms a recessT called the oblique sinus (Fig. 


3-16). Also on the posterior surface of the heart is 
thef transverse sinus, which is a short passage that 
lies Detvveeh the reflection of serous pericardium 
around the aorta and pulmonary trunk and the re¬ 
flect iorTardundTfi^a^gek^emsT Fig 7 3-16). 


Heart 

The heart is a hollow muscular organ that is some¬ 
what pyramidal in shape and lies within the peri¬ 
cardium in the mediastinum (Fig. 3-17). It i s con ¬ 
nected at its base to the great blood vessels but 
Tulierwise lies free within t he p ericardium. 



The rhea rt has thi ee surfac e ksternocostal (an¬ 
terior;) dia phragmati c (inferior/, andf^base (pos- v 
terior). It also has an apex, which is directed down¬ 
ward, forward, and tckth e left. 

The sternocostal surface is formed mainly by the 
right atrium and the right ventricle, which are sep¬ 
arated from each other by the vertical atrioventric¬ 
ular groove (Fig. 3-17). The right border is formed 
bv the right atrium and the left border, by the left 
ventricle and part of the left auricle. The right ven¬ 
tricle is separated from the left ventricle by the an¬ 
terior interventricular groove. 

The diaphragmatic surface of the heart is 
formed mainly by the right and left ventricles sep¬ 
arated bv the posterior interventricular groove. The 
inferior surface of the right atrium, into which the 
inferior vena cava opens, also forms part of this 
surface. 

The base of the heart , or posterior surface, is 
formed mainly by the left atrium, into which open 
the four pulmonary veins (Fig. 3-18). The right 
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Fig. 3-16. Great blood vessels and interior of peri¬ 
cardium. 


Chambers of the Heart 


atrium also contributes to a lesser extent to this 
surface. 

The apex of the heart, formed by the left ventri¬ 
cle, is directed downward, forward, and to the left 
(Fig. 3-17). It lies at the level of the fifth left inter¬ 
costal space, 3 V 2 inches (9 cm) from the midline. 
In the region of the apex, the apex beat can usually 
be seen and palpated in the living subject. 

Note that the base of the heart is called the base, 
since the heart is pyramid-shaped and the base lies 
opposite the apex. The heart does not rest on its 
base; it rests on its diaphragmatic (inferior) sur¬ 
face. 


The heart is divided bv vertical septa into four 
chambers, the right and left atria and the right and 
left ventricles. The right atrium lies anterior to the 
left atrium and the right ventricle lies anterior to 
the left ventricle. 

The walls of. the heart- are composed of card iac 


muscle, the m 


t, covered externally with 


serous pericardium, called the epicardium, and 
lined internally with a layer of endothelium, the 
'endocardium. 


''eiidt 


RIGHT ATRIUM 


The right atrium consists of a,ma in cavity and an . 
auricle (Figs. 3-17 and 3-19). Externally at thejunc- 
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Fig. 3-17. Anterior surface of heart and great blood 
vessels. Note course of coronary arteries and car¬ 
diac veins. 


tion of the two parts is a vertical groove, the sulcus 
terminalis, which on the inside forms a ridge, the 
crista terminal is. The main part of the atrium that 
lies posterior to the ridge is smooth-walled and is 
derived embiyologically from the sinus venosus. 
The part of the atrium in front of the ridge is tra- 
beculated by bundles of muscle fibers, the musculi ^ 
pectinati, which run from the crista terminalis to 
the auricle. This anterior part is derived embryo- 
logically from the primitive atrium. 


Openings into the Right Atrium 

The superior vena cava opens into the upper part 
of the right atrium; it is devoid of any valve. It re¬ 
turns the blood to the heart from the upper half of 
the body. The inferior vena cava (larger than that 
of the superior vena cava) opens into the lower part 
of the right atrium; it is guarded by a rudimentary. 


nonfunctioning valve. It returns the blood to the 
heart from the lower half of the body. 

The coronary si nus^p p ens into the right atriu m 
b etween theTinfenor vena ca va and the atrioven- 
tricular orifice; it is guarded by~a rudimentary, 
nonfunctioning valve. 

The right atrioventricular orifice lies anterior to 
the inferior vena caval opening and is guarded by 
the tricuspid valve. 

There are also many small orifices of small veins 
that drain the wall of the heart and open directly 
into the right atrium. 


Fetal Remnants in the Right Atrium 

In addition to the rudimentary valve of the inferior 
vena cava, there are the r fo$sa^ovalis and anulus t 
ovalis. These latter structures lie on the atrial sep¬ 
tum that separates the right atrium from the left 
atrium (Fig. 3-19). The fossa ovalis is a shallow 
depression, which is the site of the foramen ovale 
in the fetus (Fig. 3-21). The anulus ovalis forms the 
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Fig. 3-18. Posterior surface or base of heart. 


t W 


upper margin of the fossa. The floor of the fossa 
represents the persistent septum primum of the 
heart of the embryo, and the anulus is formed 
from the lower edge of the septum secundum (Fig. 
3-21). 

RIGHT VENTRICLE 

The right ventricle communicates with the right/' 7 
atrium through the atrioventricular orifice, and 
with the pulmonary trunk through the pulmonary 
orifice (Fig. 3-19). As the cavity a pproaches the 
pul mona ry orifice-Jt becomes funnel-shaped, at 
which point it is referred to as the infundibulum. 

The walls of the right ventricle are much thicker 
than those of the right atrium and show a number 
of internal projecting ridges formed of muscle bun¬ 
dles. The projecting ridges give the ventricular wall 
a sponge-like appearance and are known as trabec- 
(ulde carneae. The trabeculae carneae are composed 
of three types. The first type comprises the_papil¬ 
lary muscles, which project inward, being attached 


by their bases to the ventricular walk, their apices 
are connected by fibrous chords (the chordae ten- 
dinecie ) to the cusps of the tricuspid valve (Fig. 3- 
19). The second type are attached at their ends to 
the ventricular wall, being free in the middle. One 
of these, the moderator band, crosses the ventric¬ 
ular cavity from the septal to the. anterior wall. It 
conveys the right branch of the atrioventricular 
bundle, which is part of the conducting system of 
the heart. The third type is simply comprised of 
prominent ridges. 

The tricuspid valve guards the atrioventricular 
orifice (Figs. 3-19 and 3-20). It consists of three 
cusps formed by a fold of endocardium with some 
fibrous tissue enclosed. The cusps are anterior, sep¬ 
tal, and inferior. The anterior cusp lies anteriorly, 
the septal cusp lies against the ventricular septum, 
and the inferior cusp lies inferiorly. The bases of 
the cusps are attached to the fibrous ring of the 
skeleton of the heart (see page 107) while thejr_free 
edges and ventric ular su rfac es a re a ttached to the 
chordae tendineae. The chordae tendineae connect 
the cusps to the papillary, mus cles. When the ven- 
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Fig. 3-19. Interior of right atrium and right ventri¬ 
cle. Note positions of sino-atrial node and atrioven¬ 
tricular node and bundle. 


tricle contracts, the papillary muscles contract and 
prevent the cus ps~~from bein g forced into the 
atrium and turning inside out as the intraventric- 
uEF pressure rises. To assist in this process, the 
chordae tendineae of one papillary muscle are con¬ 
nected to the adjacent parts of two cusps. 

The pulmonary valve 'guards the pulmonary ori¬ 
fice (Fig. 3-20A). It consists of three semilunar 
cusps formed bv folds of endocardium with some 
fibrous tissue enclosed. The curved lower margin 
of each cusp is attached to the arterial wall. The 
open mouths of the cusps are directed upward into 
the pulmonary trunk. At the root of the pulmonary 
trunk are three dilatations called the sinuses, and 
one is situated external to each cusp (see aortic 
valve). 

The three semilunar cusps are arranged with one 
posterior (left cusp) and two anterior (anterior and 


right cusps).* * During Ventricular systole^t he cus ps 
of the valve are pressed a gainst the wall of the p ul¬ 
monary trunk by the outrushing blood. During 
diastole, blood flows back toward the heart and en-( 
Hers-the' sinuses; the valve cusps fill, come into ap¬ 
position in the center of the lumen, and close the 
pulmonary orifice. 


LEFT ATRIUM 

The left atrium consists of a main cavity and an 
auricle. The left atrium is situated behind the right 
atrium and forms the greater part of the base or 
posterior surface of the heart (Fig. 3-18). Behind it 
lies the oblique sinus of the serous pericardium, 
and the fibrous pericardium separates it from the 
esophagus (Figs. 3-16 and 3-30). 

*The cusps of the pulmonary and aortic valves are named ac¬ 
cording to their position in the fetus before the heart has ro¬ 
tated to the left. This unfortunately causes a great deal of 
unnecessarv confusion. 






































Fig. 3-20. (A) Position of tricuspid and pulmonary 
valves. (B) Mitral cusps with valve open and (C) 
mitral cusps with valve closed. (D) Semilunar 
cusps of aortic valve. (E) Cross section of ventricles 
of heart. (F) Path taken by blood through heart. (G) 
Path taken bv cardiac impulse from sino-atrial 
node to Purkinje network. (H) Fibrous skeleton of 
heart. 
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The interior of the left atrium is smooth, but the 
auricle possesses muscular ridges as on the right 
side. 


Openings into the Left Atrium 

The four pulmonary veins, two from each lung, 
open through the posterior wall (Fig. 3-18) and are 
devoid of valves. The left atrioventricular orifice is 
guarded bv the mitral valve. 


LEFT VENTRICLE 

The left ventricle communicates with the left 
atrium through the atrioventricular orifice and 
with the aorta through the aortic orifice. The walls 
of the left ventricle (Fig. 3-20) are three times 
thicker than t hose o f the -right-ventricle. (The left 
Intraventricular blood pressure is six times higher 
than that inside the right ventricle.) In cross sec¬ 
tion, the left ventricule is circular; the right is cres¬ 
centic because of the bulging of the ventricular sep¬ 
tum into the cavity of the right ventricle (Fig. 3-20). 
There are well-developed trabeculae carneae, two 
large p apillary.muscles, but there is no moderator 
band. The part of the ventricle below the aortic ori¬ 
fice is called -the~aortic vestibule. 

The initml valve guards the atrioventricular ori¬ 
fice (Fig>-3-20)Vlt consists of two cusps, one ante¬ 
rior and one posterior, which have a similar struc¬ 
ture to those of the tricuspid valve. The anterior 
cusp is the larger and intervenes between the 
atrioventricular and the aortic orifices. The attach¬ 
ment of the chordae tendineae to the cusps and the 
_papillaiy muscles' is similar to the tricuspid valve. 

The aortic valve guards the aortic orifice and is 
preciselw-similar in structure to the pulmonary 
valve (Fig. 3-20). One cusp is situated on the ante¬ 
rior wall (right cusp) and two are located on the 
posterior walTTle ft and posteri or c .usps). Behind 
each cusp the aortic wall bulges to form an aortic 
sinus. The anterior aortic sinus gives origin to the 
right coronary artery, and the left posterior sinus 
gives origin to the left coronary artery. 


Structure of the Heart 

The walls of the heart are composed of a thick layer 
of cardiac muscle, the myocardium, covered exter¬ 
nals by the epicardium and lined internally by the 


endocardium. The atrial portion of the heart has 
relatively thin walls and is divided bv the atrial (in¬ 
teratrial) septum into the right and left atria. The 
septum runs from the anterior wall of the heart 
backward and to the right. The ventricular portion 
of the heart has thick walls and is divided bv the 
ventricular (interventricular) septum into right and 
left ventricles. The septum is placed obliquely, with 
one surface facing forward and to the right and the 
other backward and to the left. Its position is in¬ 
dicated on the surface of the heart bv the anterior 
and posterior interventricular grooves. The lower 
part of the septum is thick and formed of muscle. 
The smaller upper part of the septum is thin and 
membranous and attached to the fibrous skeleton. 

The so-called [ skeleton of the heart (Fig. 3-20) 
consists of fibrous ring£ that surround the ~atrio- 
ventricular ypulm onary, amj^aortic orifices and are 
continuous with the membranous upper part of 
the ventricular septum. The fibrous rings around 
the atrioventricular orifices separate the muscular 
walls of the atria from those of the ventricles, but 
provide attachment for the muscle fibers. The fi¬ 
brous rings support the bast’s .of the.valve cusps 
and prevent the valves fro m stretc hing and becom¬ 
ing incompetent. 


Conducting System of the Heart 

The normal human heart contracts rhythmically at 
about 70 beats per minute in the resting adult. The 
rhythmic contractile process originates sponta¬ 
neously in the conducting system and the impulse 
travels to different regions of the heart, so the atria 
contract first and together, to be followed later bv 
the contractions of both ventricles together. The 
slight delay in the passage of the impulse from the 
atria to the ventricles allows time for the atria to 
empty their blood into the ventricles before the 
ventricles contract. 

The conducting system of the heart consists of 
specialized cardiac muscle present in the sino¬ 
atrial node, the atrioventricular node, the atrio¬ 
ventricular bundle and its right and left terminal 
branches, and the subendocardial plexus of Pur- 
kinje fibers. + The sino-atrial node is the site where 
the contraction of the heart muscle is initiated and 

'The specialized cardiac muscle fibers (hat form the conduct¬ 
ing system of the heart are known as Purkinje fibers. 
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Fig. 3-21. (A) Normal fetal heart, (B) atrial septal 
defect, (C) tetralogy of Fallot, (D) patent ductus ar¬ 
teriosus (note close relationship to left recurrent 
laryngeal nerve), and (E) coarctation of aorta. 
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is often called the pacemaker. It is small, but forms 
the full thickness of the myocardium of the right 
atrium (Figs. 3-19 and 3-20). It is situated at the 
upper part of the sulcus terminalis just to the right 
of the opening of the superior vena cava into the 
right atrium. Once initiated, the cardiac impulse 
spreads through the atrial myocardium to reach 
the atrioventricular node. 

The atrioventricular node is situated in the lower 
part of the atrial septum just above the attachment 
of the septal cusp of the tricuspid valve (Figs. 3-19 
and 3-20). From it, the cardiac impulse is con¬ 
ducted to the ventricles bv the atrioventricular bun¬ 
dle. It is important to realize that the atrioventric¬ 
ular bundle is the only muscular connection 
between the myocardium of the atria and the myo¬ 
cardium of the ventricles. 

The atrioventricular bundle (Figs. 3-19 and 3-20) 
descends behind the septal cusp of the tricuspid 
valve to reach the inferior border of the membra¬ 
nous part of the ventricular septum. At the upper 
border of the muscular part of the septum it di¬ 
vides into two branches, one for each ventricle. The 
right branch passes down on the right side of the 
ventricular septum to reach the moderator band, 
by means of which it crosses to the anterior wall of 
the right ventricle. Here, it becomes continuous 
with the libers of the Purkinje plexus (Fig. 3-20). 

The left branch of the bundle pierces the septum 
and passes down on its left side beneath the endo¬ 
cardium. It usually divides into two branches, 
which eventually become continuous with the fi¬ 
bers of the Purkinje plexus of the left ventricle. 

It is thus seen that the conducting system of 
the heart is responsible not only for generating 
rhythmical cardiac impulses, but also for conduct¬ 
ing these impulses rapidly throughout the myocar¬ 
dium of the heart, so that the different chambers 
contract in a coordinated and efficient manner. 

The activities of the conducting system can be 
influenced by the autonomic nerve supply to 
the heart. The parasympathetic nerves slow the 
rhythm and diminish the rate of conduction of the 
impulse; the sympathetic nerves have the opposite 
effect. 


Arterial Supply of the Heart 


The arterial supply of the heart is provided by the 
right and left coronary arteries, which arise from 


the aorta immediately above the aortic valve (Fig. 


-3-22). 


„ _ _ _ _ __ 

The right coronary artery arises from thejmte- 
rior aortic sinus and runs torward betwe en the pul¬ 
monary trunk and the right auricle (Fig. 3-17). It 
descends in the atrioventricular groove, giving 
branches to the right atrium and right ventricle. At 

n n 


the inferior border of the heart it continues poste- 
riorlv along the atrioventricular groove to anasto¬ 
mose with the left coronary artery (Fig. 3-22). It 
gives off a marginal branch, which supplies the 
right ventricle, and a posterior irrterventricular 
branch, which supplies both ventricles (Fig. 3-22). 
The posterior interventricular branch anastomoses 
with the anterior interventricular branch of the left 
coronary artery in the posterior interventricular 
groove. 

The left cor onary a rtery^ which is larger than the 
right coronary artery, arises from* the left p osterior^ 
aortic sinus and passes forward between the pul¬ 
monary trunk and the left auricIeTFig. 3-17). It 
then enters the afriovenfficulaf'gfdove and divides 


into an anterior interventricular branch and a 
circumflex branch. The anterior interventricular 
branch runs downward to the apex of the heart in 
the anterior interventricular groove. It then passes 
around the apex to anastomose with the posterior 
interventricular branch of the right coronary ar¬ 
tery. The anterior interventricular branch supplies 
the right and left ventricles and the ventricular sep¬ 
tum. __-g 

The circumflex branch follows the atrioventric¬ 
ular groove, winds around the left margin of the 
heart, and ends by anastomosing with the right 
coronarv artery (Fig. 3-22). The circumflex branch 
supplies the left atrium and the left ventricle. 

The foregoing description of the coronary arter¬ 
ies and their branches should be memorized, but 
it must be understood that variations are common. 
The commonest variations affect the blood supply 
to the diaphragmatic surface of both ventricles. 
Here the origin, size, and distribution of the pos¬ 
terior interventricular artery are variable. In the 
case of‘Tight dominance” the posterior interven¬ 
tricular arterv is a large branch of the right coro¬ 
narv arterv, whereas in the case of “left domi¬ 
nance” the posterior interventricular artery is a 
branch of the left coronary artery. 

Although anastomoses between the terminal 
branches of the coronary arteries do occur, they are 
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Fig. 3-22. Coronary arteries and veins. 
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not large enough to pro\ide an adequate supply of 
blood to the cardiac muscle should one of the 
larger branches become blocked by disease. 


BLOOD SUPPLY OF 
CONDUCTING SYSTEM 

The sino-atrial node is supplied bv the right and 
left coronary arteries. The atrioventricular node 
and the atrioventricular bundle are supplied bv the 
right coronary artery. The right terminal branch of 
the atrioventricular bundle is supplied by the right 
coronary artery; the left terminal branch is sup¬ 
plied by the right and left coronary arteries. 


Venous Drainage of the Heart 


Most of the blood from the heart wall drains info 
the .rig ht atriuni Bv~ means oT^the bororfary sinus v 
(Fig. 3-22). This lies in the posterior parf~of~tlie 
atrioventricular groove and is a continuation of the 


great cardiac vein. It opens into the right atrium to 
the left of the inferior vena cava. The small cardiac 
vein and the middle cardiac vein are tributaries of 
the coronary sinus. The remainder of the blood is 
returned to the right atrium by the anterior cardiac 
vein (Fig. 3-22) and also bv small veins that open 
directly into the heart chambers. 


Nerve Supply of the Heart 

The heart is innervated by sympathetic and para¬ 
sympathetic fibers of the autonomic nervous sys¬ 
tem via the Cardiac plexuses^ The sympathetic sup¬ 
ply arises from the cervical and upper thoracic 
portions of the sympathetic trunks, and the para¬ 
sympathetic supply comes from the vagus nerves. 

Efferent postganglionic fibers pass to the sino¬ 
atrial and atrioventricular nodes and are also dis¬ 
tributed to the remainder of the heart as nerve 
plexuses around the coronary arteries. 

Afferent fibers running with the vagus nerves 
take part in cardiovascular reflexes. Afferent fibers 
running with the sympathetic nerves carry nervous 
impulses that normally do not reach consciousness. 
However, should the blood supply to the myocar¬ 
dium become impaired, pain impulses reach con¬ 
sciousness via this pathway. 


Aetion of the Heart 

The heart is a muscular pump. The series of 
changes that take place within it as it fills with 
blood and empties is referred to as the cardiac 
cycle. The normal heart beats about 70 times per 
minute in the resting adult and about 130 times a 
minute in the newborn child. 

Blood is^continuously returning to the heart, and 
during ventricu lar s ystole Tcontracdon )^when the 
atrioventricular valves are closed, the blood is tem¬ 
porarily accommodated in the large veins and 
atria. Once ventricular diastole ^relaxationOpccurs, 
the atrioventricular valves open, and^loocLpash 
si velv flows from theatrialo lhe_ventricles4Fig. 3- 
20j^ When the ventricles are nearly full, Atrial svs-j 
foie occurs andjbrces the remainder of the blood 
in the atriaJntojhe ventricles. The sino-atrial node 
initiates the wavej rfcontraction in the atria, which 
commences around the openings of' the large veins 
and u milks" the blood toward the ventricles. Bv this 
meafiSThere is no reflux of blood into the veins. 

The cardiac impulse, haring reached the atrio¬ 
ventricular node, is conducted to the papillary 
muscles bv the atrioventricular bundle and its 
branches (Fig. 3-20). The papillary muscles now 
begin to contract and take up the slack of the chor¬ 
dae tendineae. Meanwhile, the ventricles start con¬ 
tracting and the atrioventricular valves close. The 
spread of the cardiac impulse along the atrioven¬ 
tricular bundle (Fig. 3-20) and its terminal 
branches, including th^JPurkinje fibers^ ensures 
that myocardial contraction (xxurs at almost the 
same time throughout the ventricles. 

Once the intraventricular blood pressure exceeds 
that present in the large arteries (aorta and pul¬ 
monary trunk), the semilunar valve cusps are 
pushed aside, and the blood is ejected from the 
heart. On the conclusion of ventricular systole, 
blood begins to move back toward the ventricles 
and immediately fills the pockets of the semilunar 
valves. The cusps now tloat into apposition and 
completely close the aortic and pulmonary orifices. 


SURFACE ANATOMY OF THE 
HEART VALVES 

The surface projection of the heart has already 
been described on page 61. The surface markings 






























112 


3 . The Thorax: Part II The Thoracic Cavity 



Fig. 3 -23. Position of heart valves. P = pulmonary 
valve, A = aortic valve, M = mitral valve, T = tri¬ 
cuspid valve. Arrows indicate positions where 
valves may be heard with least interference. 


produced bv th e co ntraction of_th e ventricles and 
of the heart valves (Fig. 3-23) are of academic value t he c losure of the tricuspid and mitra) valves. The 
only; the clinician is more interested in listening to second sound is produced bv the sharpjdosure of 

V_ dhe aortic and p ulmonary valves. It is important for 

a physician to know where to place his stethoscope 
on the chest wall so that he will be able to hear 


the valves in action. 


The tricuspid valve lies behind the right half of the 
sternum opposite the fourth intercostal space. 

The mitral valve lies behind the left half of the ster¬ 
num opposite the fourth costal cartilage. 

The pulmonary valve lies behind the medial end of 
the third left costal cartilage and the adjoining 
part of the sternum. 

The aortic valve lies behind the left half of the ster¬ 
num opposite the third intercostal space. 

AUSCULTATION OF THE HEART VALVES 

On <listening^to the heart with a stethoscope, one 

can hear two sounds: lub-diip. The first sound is 


sounds produced at each valve with the minimum 

of distraction or interference. 

The tricuspid valve is best heard over the right half 
of the lower end of the bodv of the sternum (Fig. 
3-23). 

The mitral valve is best heard over the apex beat 
(Fig. 3-23). 

The pulmonary valve is heard with least interfer¬ 
ence over the medial end of the second left inter¬ 
costal space (Fig. 3-23). 

The aortic valve is best heard over the medial end 
of the second right intercostal space (Fig. 3-23). 
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Fig. 3-24. Right side of mediastinum. 


CONGENITAL ANOMALIES OF 
THE HEART 

Of the many congenital anomalies that may occur 
in the heart and large arteries, four common vari¬ 
eties are illustrated in Figure 3-21. 


Large Veins of the Thorax_ 

Brachiocephalic Veins 

The right brachiocephalic vein is formed at the root 
of the neck by the union of the right subclavian and 
the right internal jugular veins (Figs. 3-24 and 3- 
26). The left brachiocephalic vein has a similar or¬ 
igin (Figs. 3-14 and 3-16). It passes obliquely 
downward and to the right behind the manubrium 


sterni and in front of the large branches of the aor¬ 
tic arch. It joins the right brachiocephalic vein to 
form the superior vena cava (Fig. 3-26). 


Superior Vena Cava 

The superior vena cava contains all the venous 
blood from the head and neck and both upper 
limbs and is formed by the union of the two bra¬ 
chiocephalic veins (Figs. 3-16 and 3-26). It passes 
downward to end in the right atrium of the heart 
(Fig. 3-19). The vena azygos joins the posterior as¬ 
pect of the superior vena cava just before it enters 
the pericardium (Figs. 3-24 and 3-26). 


Inferior Vena Cava 

The inferior vena cava pierces the central tendon of 
the diaphragm opposite the eighth thoracic verte- 
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Fig. 3-25. Left side of mediastinum. 


bra and almost immediately enters the lowest part 
of the right atrium (Figs. 3-19, 3-24, and 3-26). 


Pulmonary Veins 

Two pulmonary veins leave each lung carrying ox¬ 
ygenated blood to the left atrium of the heart (Figs. 
3-18, 3-24, 3-25, and 3-30). 


Large Arteries of the Thorax 

Aorta 

The aorta in the thorax may be divided into three 
parts: the ascending aorta, the arch of the aorta, 
and the descending aorta. 


ASCENDING AORTA 

The ascending aorta commences at the base of the 
left ventricle and runs upward and forward to 
come to lie behind the right half of the sternal an¬ 
gle, where it becomes continuous with the arch of 
the aorta (Fig. 3-17). Together with the pulmonary 
trunk, it is enclosed in a sheath of serous pericar¬ 
dium (Fig. 3-16). 


Branches 

The right coronary artery arises from the anterior 
aortic sinus, and the left coronary artery arises 
from the left posterior aortic sinus (Figs. 3-17 and 
3-22). The further course of these important arter¬ 
ies is described on page 109. 
































inferior thyroid vein 



Fig. 3-26. (A) Major veins entering the heart. (B) 
Major veins draining into the superior vena cava 
and the inferior vena cava. 
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Fig. 3-27. Major branches of the aorta. 
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ARCH OF THE AORTA 

The arch of the aorta is a continuation of the as¬ 
cending aorta (Fig. 3-17). It lies behind the manu¬ 
brium sterni and runs upward, backward, and to 
the left in front of the trachea. It then passes down¬ 
ward to the left of the trachea, and at the level of 
the sternal angle becomes continuous with the de¬ 
scending aorta. 


Branches 

The brachiocephalic artery arises from the convex 
surface of the aortic arch (Figs. 3-17 and 3-27). It 
passes upward and to the right of the trachea and 
divides into the right subclavian and common ca¬ 
rotid arteries behind the right sternoclavicular 
joint. 

The left common carotid artery arises from the 
aortic arch on the left side of the brachiocephalic 
artery (Figs. 3-17 and 3-27). It runs upward and to 
the left of the trachea and enters the neck behind 
the left sternoclavicular joint. 

The left subclavian artery arises from the aortic 
arch behind the left common carotid artery (Figs. 
3-17, 3-18, and 3-27). It runs upward along the left 
side of the trachea and the esophagus to enter the 
root of the neck (Fig. 3-25). 


DESCENDING AORTA 

The descending aorta begins as a continuation of 
the arch of the aorta on the left side of the lower 
border of the body of the fourth thoracic vertebra 
(i.e., opposite the sternal angle). It extends down¬ 
ward in the posterior mediastinum (Figs. 3-25 and 
3-27) to the level of the twelfth thoracic vertebra, 
where it passes through the aortic opening of the 
diaphragm in the midline and becomes continuous 
with the abdominal aorta. 


Branches 

Posterior intercostal arteries are given off to the 
lower nine intercostal spaces on each side (Fig. 3- 
27). Subcostal arteries are given off on each side 
and run along the lower border of the twelfth rib. 

Pericardial, esophageal, and bronchial arteries 
are small branches that are distributed to these or¬ 
gans. 


trachea 



Fig. 3-28. Relationship of pulmonary arteries to 
bronchial tree. 


PULMONARY TRUNK 

The pulmonary trunk conveys deoxvgenated blood 
from the right ventricle of the heart to the lungs. It 
leaves the upper part of the right ventricle and runs 
upward, backward, and to the left (Fig. 3-17). It is 
about 2 inches (5 cm) long and terminates in the 
concavity of the aortic arch by dividing into right 
and left pulmonary arteries (Fig. 3-28). Together 
with the ascending aorta, it is enclosed in a sheath 
of serous pericardium (Fig. 3-16). 


Branches 

The right pulmonary artery runs to the right be¬ 
hind the ascending aorta and superior vena cava to 
enter the root of the right lung (Figs. 3-17, 3-24, 
and 3-28). 

The left pulmonary artery runs to the left in front 
of the descending aorta to enter the root of the left 
lung (Figs. 3-17, 3-25, and 3-28). 

The ligamentum arteriosum is a fibrous band 
that connects the bifurcation of the pulmonary 
trunk to the lower concave surface of the aortic 
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arch (Figs. 3-16 and 3-18). The ligamentum arter- 
iosum is the remains of the ductus arteriosus, 
which in the fetus conducts blood from the pul¬ 
monary trunk to the aorta, thus bypassing the 
lungs. The left recurrent laryngeal nerve hooks 
around the lower border of this structure (Figs. 3- 
16 and 3-18). Following birth, the ductus closes. 
Should it remain patent, aortic blood will enter the 
pulmonary circulation, producing pulmonary hy¬ 
pertension and hypertrophy of the right ventricle 
(Fig. 3-21). Surgical ligation of the ductus is then 
necessary. 


Lymph Nodes and Vessels of 
the Thorax 

THORACIC WALL 

The lymphatics of the skin of the anterior thoracic 
wall drain to th e ant eri or nrillarv nodes. The lym¬ 
phatics of the skin of the posterior thoracic wall 
drain to the poste rio r axillary-nodes. The deep lym¬ 
phatics of the anterior parts of the intercostal 
spaces drain forward to the internal thoracic nod es 
along the internal thoracic blood vessels. From 
here, the lymph passes to the thoracic duct on the 
left side and the bronchomediastinal trunk on the 
right side. The deep lymphatics of the posterior 
parts of the intercostal spaces drain backward to 
the posterior intercostal nodes lying near the heads 
of the ribs. From here, the lymph enters the tho¬ 
racic duct. 


LUNGS 

The lymph passes to the root of the lung bv means 
of a superficial and a deep lymphatic plexus of ves¬ 
sels (Fig. 3-11). At the lung roots the lymph passes 
through th e bro nchopulmonary nodes and emerges 
in the bronchomediastinal trunk. The bronchome¬ 
diastinal trunks drain into the brachiocephalic vein 
or into the thoracic or right lymphatic ducts. 


MEDIASTINUM 


of these nodes may exert pressure on important 
neighboring mediastinal structures. 


THORACIC DUCT 


The thoracic duct begins below in the abdomen as 
a dilated sac, the cisterna chyli. It ascends through 
the aortic opening in the diaphragm, on the right 
side of the descending aorta. It gradually crosses 
the median plane behind the esophagus and 
reaches the left border of the esophagus (Fig. 3- 
29B) at the level of the lower border of the body of 
the fourth thoracic vertebra (sternal angle). It then 
runs upward along the left edge of the esophagus 
to enter the root of the neck (Fig. 3-29A). Here, it 
bends laterally behind the carotid sheath and in 
front of the vertebral vessels. It turns downward in 
front of the left phrenic nerve and crosses the sub¬ 
clavian artery to enter the beginning of the left 


brachicocephalic vein. 

At the root of the neck the thoracic duct receives 
the left jugular, subclavian, and bronchomedias¬ 
tinal lymph trunks, although they may drain di¬ 
rectly into the adjacent large veins. 

The thoracic duct thus conveys to the blood all 
lymph from the lower limbs, pelvic cavity, abdom¬ 
inal cavity, left side of the thorax, and left side of 
the head, neck, and left arm. (See also p. 25.) 


RIGHT LYMPHATIC DUCT 


The right jugular, subclavian, and bronchomedias¬ 
tinal trunks, which drain the right side of the head 
and neck, the right upper limb, and the right side 
of the thorax, respectively, may join to form the 
right lymphatic duct. This common duct, if pres¬ 
ent, is about Vi inch (1.3 cm) long and opens into 
the beginning of therightbrachioceph^hcTTTrir Al¬ 
ternatively, the trunks open independently into the 
great veins at the root of the neck. 


Nerves of the Thorax 

VAGUS NERVES 


In addition to the nodes draining the lungs, other 
nodes are found scattered through the medias¬ 
tinum. They drain lymph from mediastinal 
structures and empty i nto the bronchomediastinal 
trunks and tho facic-duct. Disease and enlargement 


The right vagus nerve descends in the thorax, first 
hang posterolateral to the brachiocephalic artery 
(Fig. 3-29), then lateral to the trachea and medial 
to the terminal part of the azygos vein (Fig. 3-24). 
It passes behind the root of the right lung and as- 
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Fig. 3-29. Cross sections of thorax. (A) At inlet and 
(B) at fourth thoracic vertebra. 
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sists in the formation of the puhnonary plexus. On 
leaving the plexus, the vagus passes onto the pos¬ 
terior surface of the esophagus and takes part in 
the formation of the esophageal plexus. It then 
passes through the esophageal opening of the dia¬ 
phragm behind the esophagus to reach the poste¬ 
rior surface of the stomach. 

The left vagu. s nerve descends in the thorax be¬ 
tween the left common carotid and left subclavian 
arteries (Figs. 3-25 and 3-29). It then crosses the 
left side of the aortic arch and is itself crossed by 
the left phrenic nerve. The vagus then turns back¬ 
wards behind the root of the left lung and assists 
in the formation of the pulmonary plexus. On leav¬ 
ing the plexus, the vagus passes onto the anterior 
surface of the esophagus and takes part in the for¬ 
mation of the esophageal plexus. It then passes 
through the esophageal opening in the diaphragm 
in front of the esophagus to reach the anterior sur¬ 
face of the stomach. 


Branches 

Both vagi supply the lungs and esophagus. The 
right vagus gives off cardiac branches, and the left 
vagus gives origin to the left recurrent laryngeal 
nerve.* 

The left recurrent laryngeal nerve arises from the 
left vagus trunk as the nerve crosses the arch of the 
aorta (Figs. 3-16, 3-18, and 3-25). It hooks around 
the ligamentum arteriosum and ascends in the 
groove between the trachea and the esophagus on 
the left side (Fig. 3-29). It supplies all the muscles 
acting on the left vocal cord (except the cricothy¬ 
roid muscle, a tensor of the cord, which is supplied 
by the external laryngeal branch of the vagus). 


PHRENIC NERVES 

The phrenic nerves arise from the neck from the 
anterior rami of the third, fourth, and fifth cervical 
nerves. (See p. 734.) 

The right phrenic nerve descends in the thorax 
along the right side of the right brachiocephalic 
vein and the superior vena cava (Figs. 3-24 and 3- 
29). It passes in front of the root of the right lung 

’The right recurrent laryngeal nerve arises from the right va¬ 
gus in the neck and hooks around the subclavian artery and 
ascends between the trachea and esophagus. 


and runs along the right side of the pericardium, 
which separates the nerve from the right atrium. It 
then descends on the right side of the inferior vena 
cava to the diaphragm. Its terminal branches pass 
through the caval opening in the diaphragm to 
supply the central part of the peritoneum on its un¬ 
der-aspect. 

The left phrenic nerve descends in the thorax 
along the left side of the left subclavian artery. It 
crosses the left side of the aortic arch (Fig. 3-25) 
and here crosses the left side of the left vagus nerve. 
It passes in front of the root of the left lung and 
then descends over the left surface of the pericar¬ 
dium, which separates the nerve from the left ven¬ 
tricle. On reaching the diaphragm, the terminal 
branches pierce the muscle and supply the central 
part of the peritoneum on its under-aspect. 

The phrenic nerves possess efferent and afferent 
fibers. The efferent fibers are the sole nerve supply 
to the muscle of the diaphragm. 

The afferent fibers carry sensation to the central 
nervous system from (1) the peritoneum covering 
the central region of the undersurface of the dia¬ 
phragm; (2) the pleura covering the central region 
of the upper surface of the diaphragm; and (3) the 
pericardium and mediastinal parietal pleura. 


THORACIC PART OF THE 
SYMPATHETIC TRUNK 

The thoracic part of the sympathetic trunk is con¬ 
tinuous above with the cervical and below with the 
lumbar parts of the sympathetic trunk. It is the 
most laterally placed structure in the mediastinum 
and runs downward on the heads of the ribs (Figs. 
3-24 and 3-25). It leaves the thorax on the side of 
the body of the twelfth thoracic vertebra bv passing 
behind the medial arcuate ligament. 

The sympathetic trunk has twelve (often onlv 
eleven) segmentally arranged ganglia, each with a 
white and gray ramus communicans passing to the 
corresponding spinal nerve. The first ganglion is 
often fused with the inferior cervical ganglion to 
form the stellate ganglion. 


Branches 

1. Gray rami communicantes go to all the thoracic 
spinal nerves. The postganglionic fibers are dis¬ 
tributed through the branches of the spinal 















nerves to the blood vessels, sweat glands, and ar- 
rector pili muscles of the skin. 

2. The first five ganglia give postganglionic fibers 
to the heart, aorta, lungs, and esophagus. 

3. The lower eight ganglia mainly give pregan¬ 
glionic fibers, which are grouped together to 
form the splanchnic nerves (Figs. 3-24 and 3-25) 
and supply the abdominal viscera. Thev enter 
the abdomen bv piercing the crura of the dia¬ 
phragm. The greater splanchnic neive arises 
from ganglia 5-9, the lesser spanchnic nei've 
arises from ganglia 10 and 11, and the lowest 
splanchnic nerve arises from ganglion 12. For de¬ 
tails of the distribution of these nerves in the ab¬ 
domen, see page 264. 


Esophagus 

The esophagus is a tubular structure about 10 
inches (25 cm) long, which is continuous above 
with the laryngeal part of the pharynx opposite the 
sixth cervical vertebra. It passes through the dia¬ 
phragm at the level of the tenth thoracic vertebra 
to join the stomach (Fig. 3-6). 

In the neck, it lies in front of the vertebral col¬ 
umn. Laterally, it is related to the lobes of the thy¬ 
roid gland and anteriorly, it is in contact with the 
trachea and the recurrent laryngeal nerves. (See p. 
737). 

In the thorax, it passes downward and to the left 
through the superior and then the posterior me- 
diastina. At the level of the sternal angle the aortic 
arch pushes the esophagus over to the midline (Fig. 
3-29). 

The relations of the thoracic part of the esopha¬ 
gus from above downward are as follows: 


Anteriorly 

The trachea and the left recurrent laryngeal nerve; 
the left principal bronchus, which constricts it; and 
the pericardium, which separates the esophagus 
from the left atrium (Figs. 3-29 and 3-30). 


Posteriorly 

The bodies of the thoracic vertebrae, the thoracic 
duct, the azygos veins, the right posterior intercos¬ 
tal arteries, and, at its lower end, the descending 
thoracic aorta (Figs. 3-29 and 3-30). 


Right Side 

The mediastinal pleura and the terminal part of 
the azygos vein (Fig. 3-24). 


Left Side 

The left subclavian artery, the aortic arch, the tho¬ 
racic duct, and the mediastinal pleura (Fig. 3-25). 

Inferiority to the level of the roots of the lungs, 
the vagus nerves leave the pulmonarv plexus and 
join with sympathetic nerves to form the esopha¬ 
geal plexus. The left vagus lies anterior to the 
esophagus and the right vagus, posterior. At the 
opening in the diaphragm the esophagus is accom¬ 
panied by the two vagi, branches of the left gastric 
blood vessels, and lymphatic vessels. Fibers from 
the right crus of the diaphragm pass around the 
esophagus in the form of a sling. 

In the abdomen the esophagus descends for 
about Vz inch (1.3 cm) and then enters the stom¬ 
ach. It is related to the left lobe of the liver ante¬ 
riorly and to the left crus of the diaphragm poste¬ 
riorly. 


Blood Supply 

The upper third of the esophagus is supplied by the 
inferior thvroid artery; the middle third by 
branches from the descending thoracic aorta; and 
the lower third by branches from the left gastric 
artery. The veins from the upper third drain into 
the inferior thvroid veins; from the middle third 
into the azygos veins; and from the lower third into 
the left gastric vein, a tributary of the portal vein. 


Lvmphatic Drainage 

Lvmph vessels from the upper third of the esoph¬ 
agus drain into the deep cervical nodes; from the 
middle third, into the superior and posterior me¬ 
diastinal nodes; and from the lower third, into 
nodes along the left gastric blood vessels and the 
celiac nodes (Fig. 3-11). 


Nerve Supply 

The esophagus is supplied by parasympathetic and 
sympathetic efferent and afferent fibers via the 
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Fig. 3-30. Cross section of thorax at eighth thoracic 
vertebra. 


vagi and sympathetic trunks. In the lower part of 
its thoracic course, the esophagus is surrounded by 
the esophageal nerve plexus. 


Thymus 

The thymus is a flattened, bilobed structure (Fig. 
3-29) lying between the sternum and the pericar¬ 
dium in the anterior mediastinum. In the newborn 
infant it reaches its largest size relative to the size 
of the body, at which time it may extend up 
through the superior mediastinum in front of the 
great vessels into the root of the neck. It continues 
to grow until puberty, but thereafter undergoes in¬ 
volution. It has a pink, lobulated appearance and 
is an important source of T-lymphocytes. 


Blood Supply 

The blood supply of the thymus is from the inferior 
thyroid and internal thoracic arteries. 


Cross-Sectional Anatomy of 
the Thorax 

In order to assist in the interpretation of CT scans 
of the thorax, study the labeled cross sections of the 
thorax shown in Figure 3-31. The sections have 
been photographed on their inferior surfaces. (See 
Figs. 3-40 and 3-41 for CT scans.) 


RADIOGRAPHIC APPEARANCES 
OF THE THORAX _ 

Only the more important features seen in standard 
postero-anterior and oblique lateral radiography of 
the chest will be discussed. 


Postero-Anterior Radiography 

A postero-anterior radiograph is taken with the an¬ 
terior wall of the patient’s chest touching the cas¬ 
sette holder and with the X-rays traversing the 
thorax from the posterior to the anterior aspect 
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Fig. 3-31. Cross sections of thorax viewed from be¬ 
low. (A) At level of body of third thoracic vertebra; 
(B) at level of eighth thoracic vertebra. 
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(Figs. 3-32 and 3-33). First check to make sure that 
the radiograph is a true postero-anterior radi¬ 
ograph and is not slightly oblique. Look at the ster¬ 
nal ends of both clavicles; they should be equidis¬ 
tant from the vertebral spines. 

Now examine the following in a systematic or¬ 
der. 

1. Superficial soft tissues. The nipples in both sexes 
and the breasts in the female may be seen su¬ 
perimposed on the lung fields. The pectoralis 
major mav also east a soft shadow. 

2. Bones. The thoracic vertebrae are imperfeetlv 
seen. The eostotransverse joints and eaeh rib 
should be examined in order from above down¬ 
ward and compared with the fellows of the op¬ 
posite side (Fig. 3-32). The eostal eartilages are 
not usually seen, but should they be caleified, 
thev will be visible. The elavieles are elearlv seen 
crossing the upper part of eaeh lung field. The 
medial borders of' the seapulae may overlap the 
periphery of each lung field. 

3. Diaphragm. This easts dome-shaped shadows on 
eaeh side; the one on the right is slightly higher 
than the one on the left. Note the eostophrenie 
angle, where the diaphragm meets the thoraeic 
wall (Fig. 3-32). Beneath the right dome is the 
homogeneous, dense shadow of the liver, and be¬ 
neath the left dome a gas bubble may be seen in 
the fundus of the stomaeh. 

4. Tmchea. The radiotranslueent, air-filled shadow 
of the traehea is seen in the midline of the neek 
as a dark area (Fig. 3-32). This is superimposed 
on the lower cervical and upper thoraeic verte¬ 
brae. 

5. Lungs. Looking first at the lung roots, one sees 
relatively dense shadows due to the presence of 
the blood-filled pulmonary and bronehial ves¬ 
sels, the large bronehi, and the lvmph nodes 
(Fig. 3-32). The lung fields, bv virtue of the air 
they eontain, readily permit the passage of X- 
ravs. For this reason the lungs are more trans¬ 
lucent on full inspiration than on expiration. The 
pulmonary blood vessels are seen as a series of 
shadows radiating from the lung root. When 
seen end on, they appear as small, round, white 
shadows. The large bronchi, if seen end on, also 
cast similar round shadows. The smaller bronchi 
are not seen. 


6. Mediastinum. The shadow is produced by the 
various structures within the mediastinum, su¬ 
perimposed one upon the other (Figs. 3-32 and 
3-33). Note the outline of the heart and great 
vessels. The transverse diameter of the heart 
should not exceed half the width of the thoraeie 
eage. Remember that on deep inspiration, when 
the diaphragm descends, the vertical length of 
the heart increases and the transverse diameter 
is narrowed. In infants the heart is always wider 
and more globular in shape than in adults. 

The right border of the mediastinal shadow 
from above downward consists of the right bra- 
ehioeephalie vein, the superior vena eava, the 
right atrium, and sometimes the inferior vena 
eava (Figs. 3-32 and 3-33). The left border con¬ 
sists of a prominence, the aortic knuckle , eaused 
by the aortie arch*, below this are the left margin 
of the pulmonary trunk, the left auriele, and the 
left ventriele (Figs. 3-32 and 3-33). The inferior 
border of the mediastinal shadow (lower border 
of the heart) blends with the diaphragm and 
liver. Note the cardiophrenic angles. 


Right Oblique Radiograph 

A right oblique radiograph is obtained by rotating 
the patient so that his right anterior chest wall is 
touching the eassette holder and the X-rays traverse 
the thorax from posterior to anterior in an oblique 
direction (Figs. 3-34 and 3-35). The heart shadow 
is largely made up by the right ventriele. A small 
part of the posterior border is formed by the right 
atrium. For further details of structures seen on 
this view, see Figures 3-34 and 3-35. 


Left Oblique Radiogi'aph 

A left oblique radiograph is obtained by rotation of 
the patient so that his left anterior ehest wall is 
touching the cassette holder and the X-ravs traverse 
the thorax from posterior to anterior in an oblique 
direction. The heart shadow is largely made up of 
the right ventricle anteriorly and the left ventriele 
posteriorly. Above the heart, the aortie areh and 
the pulmonary trunk may be seen. 

An example of a left-lateral radiograph of the 
ehest is shown in Figures 3-36 and 3-37. 







Radiographic Appearances Of The Thorax 125 



Fig. 3-32. Postero-anterior radiograph of chest of a 
normal adult male. 
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Cassette 



X-rays 


Fig. 3-33. Main features observable in postero-ante- 
rior radiograph of the chest in Figure 3-32. Note 
position of patient in relation to X-ray source and 
cassette holder. 
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Fig. 3-34. Right-oblique radiograph of chest of a 
normal adult male following a barium swallow'. 









Fig. 3-35. Main features observable in right-oblique 
radiograph of chest in Figure 3-34. Note position of 
patient in relation to X-ray source and cassette 
holder. 
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Fig. 3-36. Left-lateral radiograph of chest of a nor¬ 
mal adult male following a barium swallow. 
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Fig. 3-37. Main features observable in left-lateral ra¬ 
diograph of chest in Figure 3-36. Note position of 
patient in relation to X-ray source and cassette 
holder. 
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Fig. 3-38. Postero-anterior bronchogram of chest. 
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Fig. 3-39. Right-oblique bronchogram of chest. 
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Fig. 3-40. CT scan of upper part of thorax at the 
level of the third thoracic vertebra. The section is 
view ed from below. 
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Fig. 3-41. CT scan of middle part of thorax, at level 
of sixth thoracic vertebra. The section is viewed 
from below. 
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Bronchography and Contrast 
Visualization of the Esophagus 

Bronchography is a special study of the bronchial 
tree bv means of the introduction of iodized oil or 
other contrast medium into a particular bronchus 
or bronchi, usually under fluoroscopic control. The 
contrast media are nonirritating and sufficiently 
radiopaque to allow good visualization of the bron¬ 
chi (Figs. 3-38 and 3-39). After the radiographic 
examination is completed, the patient is asked to 
cough and expectorate the contrast medium. 

Contrast visualization of the esophagus (Figs. 3- 
34 and 3-36) is accomplished by giving the patient 
a creamy paste of barium sulfate and water to 
swallow. The aortic arch and the left bronchus 
cause a smooth indentation on the anterior border 
of the barium-filled esophagus. This procedure can 
also be used to outline the posterior border of the 


left atrium in a right oblique view. An enlarged left 
atrium will cause a smooth indentation of the an¬ 
terior border of the barium-filled esophagus. 


CT (Computed Tomography) Scanning 
of the Thorax 

— 

CT scanning relies on the same physics as conven- : 
tional X-ravs but combines it with computer tech¬ 
nology. A source of X-rays moves in an arc around i 
the thorax and sends out a beam of X-rays. The 
beams of X-rays, having passed through the tho¬ 
racic wall and the thoracic viscera, are converted 
into electronic impulses that produce readings of 
the density of the tissue in a one centimeter slice of 
the body. From these readings the computer is able 
to assemble a picture of the thorax called a CT 
scan, which can be viewed on a fluorescent screen 
and then photographed (Figs. 3-40 and 3-41). 


CLINICAL NOTES 
Mediastinum 

In the cadaver, the mediastinum, as the result of 
the hardening effect of the preserving fluids, is an 
inflexible, fixed structure. In the living, it is very 
mobile ; the lungs, heart, and large arteries are in 
rhythmic pulsation and the esophagus distends as 
each bolus of food passes through it. 

If air should enter the pleural cavity (a condition 
callecT pneumo thorax ), t he lung o n that side would 
immediatelvxcollapse^nd the jnediastinum w ould 
be displaced to the opposite side. This condition 
would reveanfseirBwthe patient’s being breathless 
and i n a state of sh ock, and, on examination,The 
tracheaTand the heart would be found to be dis¬ 
placed to the opposite side. 

The structures that make up the mediastinum 
are embedded in loose connec tive tissue that is con¬ 
tinuous with that oftheroot of the neck. Thus, it 
is possible f or a deep infection of the neck to spread 
readily into the thorax, producing a mediastinitis: 

Because many vitaL structures are crowded to¬ 
gether within the mediastinum, their functions 
may be interfered with by an enlarging tumor or 
organ. A tumor of the left lung may rapidlv spread 
to involve the mediastinal lymph nodes, which on 
enlargement may compress the left recurrent la¬ 


ryngeal nerve, producing paralysis of the left vocal j 
fold. An expanding evst or tumor may partially < 
occlude the superior vena cava, causing severe 
congestion of the veins of the upper part of the 
body. Other pressure effects mav be seen on the 
svmpathetic trunks, phrenic nerves, and some¬ 
times on the trachea, main bronchi, and esopha¬ 
gus. 

Mediastinoscopy is a diagnostic procedure 
whereby specimens of tracheobronchial lvmph 
nodes may be obtained without opening the 
pleural cavities. A small incision is made in the 
midline in the neck just above the suprasternal 
notch, and the superior mediastinum is explored 
down to the region of the bifurcation of the tra- ' 
chea. The procedure may be used to determine the 
diagnosis and degree of spread of carcinoma of the ( 
bronchus. 


Pleurae 

Inflammation of the pleura ipleuritis oy pleurisy), 5 
secondary to inflammation of The lung (i.e., pneu- } 
monia ), results in the pleural su rfac es becoming ( 
coated with inflammatory exudate, causing the 
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Fig. 3-42. Case of right-sided pleural effusion. Me¬ 
diastinum is displaced to left, right lung is com¬ 
pressed, and bronchi are narrow ed. Auscultation 
w ould reveal only faint breath sounds over com¬ 
pressed lung and absent breath sounds over fluid 
in pleural cavity. 


00 




surfaces to be roughened. This roughening pro¬ 
duces^ friction, and a pleural rub may be heard 
with the stethoscope on inspiration and expiration. • 
Often the exudate becomes invaded by fibroblasts, 
which Llay down colla gen anti bind the„visceral 
pleura to the parietal pleura, forming pleural adhe¬ 
sions)) 

As the result of disease or injury, air may enter 
the pleural cavity from the lungs or t hrou gh the 
chest wall (pneumothoraxj. In the treatment of tu¬ 
berculosis, air may purposely be injected into the 
pleural cavity to collapse and rest the lung. This is 
known as artificial pneumothorax. A spontaneous 
pneumothorax is a condition in which air enters 
the pleural cavity suddenly without its cause being 
immediately apparent. After investigation, it is 
usually found that air has_entered from a diseased, 
lung and a bullus (bleb)has ru ptured. . 

Stab wounds of the thoracic wall may pierce the 


parietal pleura so that the pleural cavity is open to 
the outside air. This condition is called open pneu¬ 
mothorax. Each time the patient inspires it is pos¬ 
sible to hear air under atmospheric pressure being 
sucked into the pleural cavity. Sometimes the cloth¬ 
ing and the layers of the thoracic wall combine to 
form a valve so that air enters on inspiration but 
cannot exit through the wound. In these circum¬ 
stances, the air pressure builds u p on the w ounded 
s ide and p ushes the mediastinum toward~the op^ 
posite side? In tHis~situation, you have a collapsed 
lung on the injured side and the op po s ite l ung wall 
be compressed bv the deflected mediastinum. This 
dangerous condition is called a positive-pressure 
pneumothorax. Cx ■ 

Air in the pleural cavity associated with serous 
fluid is. known as hydropneumothorax; associated 
with pus,.as pyopneumothorax; and associated 
with blood, as hemopneumothorax. A collection of 
pus (without air) in the pleural cavity is called an 
empyema. The presence of serous fluid in the 
pleural cavity is referred to as a pleural effusion 
(Fig. 3-42). Fluid (serous, blood, or pus) may be 
drained from the pleural cavity through a wide- 
bore needle, as described on page 78. 
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Trachea and Bronchi_ 

The trachea is a fibroelastic tube kept patent under 
normal conditions bv U-shaped bars of cartilage. 
In the neck, a unilateral or bilateral enlargement o f 
t he thyroid gland mav cause gross displacement or 
compression of the trachea. A dilatation of the aor ¬ 
tic arch may compress the trachea. 

With each rardiacsystole the pulsating aneurysm 
mav tug at the trachea and left bronchus, a clinical 
sign that may be felt by palpating the trachea in 
the suprasternal notch. 

The mucosa lining the trachea is innervated by 
the recurrent laryngeal nerve, and in the region of 
its bifurcation, by the pulmonary plexus. A tra¬ 
cheitis or bronchitis gives rise to a raw, burning 
sensation felt deep to the sternum, rather than ac¬ 
tual pain. Many thoracic and abdominal viscera, 
when diseased, give rise to discomfort that is felt 
in the midline. (See p. 279.) It would appear that 
organs possessing a sensory innervation that is not 
under normal conditions directly relayed to con¬ 
sciousness display this phenomenon. It is interest¬ 
ing to note that the afferent fibers from these or¬ 
gans traveling to the central nervous system 
accompany autonomic nerves. 

Inhalation of foreign bodies into the lower respi- 
ratorv tract is common, especiallv in children. Pins, 
screws, nuts, bolts, peanuts, and parts of chicken 
bones and tovs have all found their wav into the 
bronchi. Parts of teeth maybe inhaled while a pa¬ 
tient is under anesthesia during a difficult dental 
extraction. Since the right bronchus is the unde r 
and more direct continuation of the trachea (Fig. 
3-9), foreign bodies tend to enter the right rather 
than the left bronchus. From there, they usually 
pass into the middle or lower lobe bronchi. 

Bronchoscopy enables a physician to examine the 
interior of the trachea, its bifurcation, called the 
carina , and the main bronchi. With experience it is 
possible to examine the interior of the lobar bron¬ 
chi and the beginning of the first segmental bron¬ 
chi. By means of this instrument, it is also possible 
to obtain biopsy specimens of mucous membrane 
and remove inhaled foreign bodies (even an open 
safety pin). 

Lodgement of a foreign body in the larynx or 
edema of the mucous membrane of the larynx sec¬ 
ondary to infection or trauma may require imme¬ 
diate relief to prevent asphyxiation. One of the 


methods commonly used to relieve complete ob¬ 
struction is tracheotomy (see p. 898). 


Lungs 

A phvsician must always remember that the apex 
of the lung projects up into the neck (1 inch [2.5 
cm] above the clavicle) and mav be damaged in - 
stab wounds or bullet wounds in this area. 

Although the lungs are well protected by the - 
bonv thoracic cage, a splinter from a fractured rib 
may nevertheless penetrate the lung an d air m ay 
escape into the pleural cavity , causing a pneumo¬ 
thorax and collapse of the lung. It may also find its 
way into the lung connective tis sue. From there, the 
air moves under th e visceral pleura until it reaches 
the lung ro ot. It then passes into the mediasti num 
and up to the neck. Here, it may distend the sub¬ 
cutaneous tissue, a condition known as subcuta- 1 
neons emphysema . 

In physical examination of the patient, it is well 
to remember that the upper lobes of the lungs are 
most easily examined from in front of the chest and 
the lower lobes from the back. In the axillae, areas 1 
of all lobes may be examined. 

Lung tissue and the visceral pleura are d evoifj of 
v' pain-sen sitive nerve end ings, so that pain in the 
chest is always the result of conditions affecting the 
surrounding structures. In tuberculosis or pneu¬ 
monia, for example, pain may never be experi¬ 
enced. 

Once lung disease crosses the visceral pleura and 
the pleural cavity to involve the parietal pleu ra, 
v ^pain becomes a prominent feature. Lobar pneu¬ 
monia until pleurisy, for example, produces a se¬ 
vere tearing pain, accentuated by inspiring deeply 
or coughing. Since the lower part of the costal pari¬ 
etal pleura receives its sensor) 7 innervation from the 
lower five intercostal nerves, which also innervate 
the skin of the anterior abdominal wall, pleurisy in 
this area commonly produces pain that i s referred 
to the abdomen. This has sometimes resulted in a 
mistaken diagnosis of an acute abdominal lesion. 

In a similar manner, pleurisy of the central part 
of the diaphragmatic pleura, which receives sen¬ 
sory innervation from the phrenic nerve (C3, 4, and 
5), may lead to referred pain over the shoulder, 
.since the skin of this region is supplied bv the su¬ 
praclavicular nerves (C3 and 4). 

Surgical access to the lung or mediastinum 
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is commonly undertaken through an intercostal 
space. Special rib retractors are used that allow the 
ribs to be widely separated. The costal cartilages 
are sufficiently elastic to permit considerable bend¬ 
ing. Good exposure of the lungs is obtained by this 
method. 

A localized chronic lesion such as that of tuber¬ 
culosis or a benign neoplasm may require surgical 
removal. If it is restricted to a bronchopulmonary 
segment, it is possible carefully to dissect out a par¬ 
ticular segment and remove it, leaving the sur¬ 
rounding lung intact ( segmental resection ). Seg¬ 
mental resection requires that the radiologist and 
thoracic surgeon have a sound knowledge of the 
bronchopulmonary segments and that they coop¬ 
erate fully to localize the lesion accurately before 
operation. 

Bronchogenic carcinoma accounts for about one- 
third of all cancer deaths in men. It commences in 
the majority of patients in the mucous membran e 
lining the larger bronchi and is therefore situated 
close to the hilus of the lung. The neoplasm rapidly 
spreads to the tracheobronchial and bronchome¬ 
diastinal nodes and may involve the recurrent la¬ 
ryngeal nerves. Lymphatic spread via the broncho¬ 
mediastinal trunks mav result in early involvement 
in the lower deep cervical nodes just above the level 
of the clavicle. Hematogenous spread to bones and 
the brain commonly occurs. 

The following are some diseases that decrease 
respiratory efficiency. 


Constriction of the Bronchi as in 
Bronchial Asthma 

One of the problems associated with bronchial 
asthma is the spasm of the smooth muscle in the 
wall of the bronchioles . This particularly reduces 
the diameter o f the bronchioles during expiration, 
usually causing the asthmatic patient to experience 
great difficulty in expir ing, although inspiratio n is 
accomplished normally. The lung s consequently 
become greatly distende d and the thoracic cage 
becomes permanently enlarged, forming the 
so-called b arrel che st. In addition, the air flow 
through the bronchioles is f urther imp eded by the 
presence o f excess mucu s, which the patient is un¬ 
able to clear because an effective cough cannot be 
p rodu ced. 


Loss of Lung Elasticity 

Many diseases of the lungs, such as emphysema 
and pulmonary fibrosis, destroy the elasticity of the 
lungs, and thus the lungs are unable to recoil ade - 
quatelv, causing incomplete expiration. The respi¬ 
ratory muscles in these patients have to assist in 
expiration, which no longer is a passive phenome¬ 
non. 


Loss of Lung Distensibility 

Diseases such as silicosis, asbestosis, cancer, and 
pneumonia interfere with the process of expandin g 
the lung in inspiration. There then occurs a de¬ 
crease in the compliance of the lungs and the chest 
wall, and a greater effort has to be undertaken bv 
the inspiratory muscles to inflate the lungs. 


Postural Drainage 

Rvressive accumulation of bronchial secretions in a 

lobe or segmen t of a lung mav seriously interfere 
with the normal tl ow of Uirualg the alve oli. Fur¬ 
thermore, the stagnation of such secretions is often 
quickly followed b v infection. To aid in the normal 
drainage of a broncTiial segment, a physiotherapist 
wall often alter the position of the patient so that 
gravity will assist in the process of drainage. It is 
clear that a sound knowledge of the bronchial tree 
is necessary to determine the optimum position of 
the patient for good postural drainage. 


Pericardium 

In inflammation of the serous pericardium, called 
pericarditis, there may be an excessive accumula¬ 
tion o f pericardial fluid . This may compre ss the ^ 
thin-walle d atria a nd interfere with the filling of 
the heart during diastole. This compression of the 
heart is called cardiac tampona de. 

Roughening of the visceral and parietal layers of 
serous pericardium by inflammatory exudate in 
acute pericarditis will produce pericardial friction 
rub, which can be felt on palpation and heard 
through a stethoscope. 

Pericardial fluid may be aspirated from the peri¬ 
cardial cavitv should excessive amounts accumu- 
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late in pericarditis. This process is called paracen¬ 
tesis. The needle can be introduced to the left of 
the xiphoid process in an upward and backward 
direction at an angle of 45 degrees to the skin. 
When paracentesis is performed at this site, the 
pleura and lung are not damaged, due to the pres¬ 
ence of the cardiac notch in this area. 


Heart 

Atrial Septal Defects 

After birth the foramen oval e becomes completely 
closed as the result of the fusion of the septum pri- 
mum with the septum secundum. In 25 percent of 
hearts, a small opening persists, but this is usually 
of such a minor nature that it has no clinical sig¬ 
nificance. Occasionally the opening is much larger 
and results in oxygenated blood from the left 
atrium passing over into the right atriumT 


Ventricular Septal Defects 

The ventricular septum is formed in a complicated 
manner and is only complete when the membra¬ 
nous part fuses with the muscular part. Ventricular 
septal defects are less frequent than atrial septal 
defects. They are found in the membranous part of 
the septum and may measure from 1 to 2 cm in 
diameter. Blood under high pressure passes 
through the defect from left to righ t, causin g en¬ 
largement of the right ventr icle. Large defects are 
serious and can shorten iile "if surgery is not per¬ 
formed. 


Myocardial Ischemia 

Inadequate blood supply to the myocardium (my¬ 
ocardial ischemia) results in the patient’s experi- 
encing severe pain over the middle of the sternum, 
often spreading to one or both arms, the root of the 
neck, and even the jaw. The pain is assumed to be 
caused by the accumulation of metabolite s and by 
oxygen deficienc y, which stimulate the sensor y 
nerve endings in the myocardium. The afferent 
nerve fibers ascend to the central nervous system 
through the cardiac branches of th e sympathetic 
trunk a nd enter the spinal cord via the posterior 
roots of the upper four thoracic nerves. 


It is interesting to note that cardiac pain is not 
felt in the heart, but i s referred to the skin areas 
supplied bv the corresponding spinal nerves. The 
skin areas supplied by the upper four intercostal 
nerves and by the intercostal brachial nerve (T2) 
are therefore affected. A certain amount of spread 
of nervous information must occur within the cen¬ 
tral nervous system, for the pain is sometimes felt 
in the neck and jaw. 

It must be emphasized that although the coro¬ 
nary arteries anastomose with each other at the ar¬ 
teriolar level, they are essentially Junctional end ar¬ 
teries. (See p. 21.) A su dden b lock of one of the 
large branches of either coronary arte ry will inev¬ 
itably lead to necros is of the cardiac muscle {myo¬ 
cardial infarcti on) in that vascular area and often 
to death of the patient. 

The conducting system of the heart receives its 
blood supply from the coronary arteries. In the ma¬ 
jority of persons, the atrioventricular bundle, for 
example, is supplied by the posterior interventric¬ 
ular branch of' the right coronary artery. Occlusio n 
of the artery supplying the atrioventricular bun dle 
is a senous condition resulting in heart blo ck. The 
.ventricles no longer receive the cardiac im pulse 
front the atria, and they start to b eat independe ntly 
of the atria, at a slower rate. 


Valvular Disease of the Heart 

The inflammatory response may cause the edges of 
the valve cusps to stick toget her. Later, fibrous 
thickening occurs, followed bv loss of flexibility 
and shrinkage. Narrowing (stenosis ') and valvular 
incompetence (regurgitatio n) result, and the heart 
ceases to function as an efficient pump. In rheu¬ 
matic disease of the mitral valve, for example, not 
only do the cusps undergo fibrosis and shrink, but 
the chordae tendineae shorten, preventing closure 
of the cusps during ventricular systole. 


Valvular Heart Murmurs 

Apart from the sounds of the valves closing, lub- 
dup, the blood passes through the normal heart si¬ 
lently. Should the valve orifices become narrowe d 
or the valve cusps distor ted and shrunken by dl? 
ease, however, a r ippling effect is set up that leads 
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to turbulence a nd vibrations that are heard as 
hearbluurmursll^ 


Esophagus 

The esophagus has three anatomical and physio¬ 
logical constrictions. The first is where the pharynx 
joins the upper end; the second is where the aortic 
arch and the left bronchus cross its anterior sur¬ 
face; and the third occurs where the esophagus 
passes through the diaphragm into the stomach. 
These constrictions are of considerable clinical im¬ 
portance since they are sites where swallowed forv 
jeign bodies may lodge or through which it may be 
difficult to pass an esophagoscope. Since a slight de¬ 
lay in the passage of food or fluid occurs at these 
levels, strictures develop here following the drink¬ 
ing of caustic fluids. Those constrictions are also 
the common sites of carcinoma of the esophagus. 
It is useful to remember that their respective dis¬ 
tances from the upper incisor teeth are 6 inches (15 
cm), 10 inches (25 cm), and 16 inches (41 cm) 
(Fig. 3-43). 

At the lower third of the esophagus there is an 
important portal-systemic venous anastomosis. 
(For other portal-systemic anastomoses, see p. 
238.) Here, the esophageal tributaries of the azygos 
veins (systemic veins) anastomose with the esoph¬ 
ageal tributaries of the left gastric vein (which 
drains into the portal vein). Should the portal vein 
become obstructed, as, for example, in cirrhosis of 
the liver , portal hypertension develops, resulting in 
the dilatation and varicosity of the portal systemic 
anastomoses. Varicosed esophageal veins may rup¬ 
ture during the passage of food, causing hemate- 
mesis (vomiting of blood), which may prove fatal. 

The lymphatic drainage of the lower third of the 
esophagus descends through the esophageal open¬ 
ing in the diaphragm and ends in the celiac nodes 
around the celiac artery (Fig. 3-11). A malignant 
tumor of this area of the esophagus would there¬ 
fore tend to spread below the diaphragm along this 
route. Consequently, surgical removal of the lesion 
would include not only the removal of the primary 
lesion, but also the celiac lymph nodes and all re¬ 
gions that drain into these nodes, namely, the 
stomach, the upper half of the duodenum, the 
spleen, and the omenta. Restoration of continuity 
of the gut is accomplished bv performing an esoph- 
agqjejunostomv. 



Fig. 3-43. Levels of normal constrictions of esopha¬ 
gus. It is at these levels that (1) swallow ed foreign 
bodies tend to become arrested, (2) strictures may 
develop follow ing the swallowing of corrosive 
fluids, and (3) cancer commonly develops. 
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The close relationship between the anterior wall 
of the esophagus and the posterior wall of the left 
atrium has already been emphasized. A “barium 
swallow" mav help a physician to assess the size of 
the left atrium in cases of left-sided heart failure, 
in which the left atrium becomes distended due to 
back pressure of venous blood. 


Phrenic Nerves 

The phrenic nerve may be paralyzed due to pres¬ 
sure from mali gnant tumors in the mediastinum . 
Surgical crushing or sectioning of the phrenic nerve 
in the neck producing paralysis of the diaphrag m 
on one side may be used as part of the treatment 
of lung tuberculosis, especially of the lower lobes. 
The immobile dome of the diaphragm rests the 
lung. Additional immobility and rest to the lower 
lobe of the lung can be accomplished bv introduc¬ 
ing air into the peritoneal cavity, a procedure called 
pneumoperitoneum, which further raises the flac¬ 
cid dome of the diaphragm up into the thorax. 


Sympathetic Trunk 

Preganglionic sympathectomy of the second and 
third thoracic ganglia may be performed to in¬ 
crease the blood flow to the fingers for such con¬ 
ditions as Raynaud's disease. The sympathectomy 
causes vasodilatation of the arterioles in the upper 
limb. 

Removal of the upper four or five thoracic gan¬ 
glia and the stellate ganglion is sometimes per¬ 
formed to interrupt the afferent pain fibers passing 
from the heart to the central nervous system via the 
sympathetic nerves. This relieves the severe anginal 
pain in selected cases of angina pectoris. 

Bilateral thoracolumbar svmpthectomv was 
sometimes performed in cases of severe essential 
hypertension . The resulting vasodilatation caused a 
fall in blood pressure. 

A high spitial anesthetic may block the pregan¬ 
glionic sympathetic fibers passing out from the 
lower thoracic segments of the spinal cord. This 
will produce temporary vasodilatation below this 
level, with a consequent fall in blood pressure. 


Patent Ductus Arteriosus 

The ductus arteriosus represents the distal portion 
of the sixth left aortic arch and connects the left 
pulmonary artery to the descending aorta . During 
fetal life blood passes through it from the pulmo¬ 
nary artery to the aorta, thus bypassing the lungs. 
After birth, it normally constricts, later closes, and 
become s the ligamentum arteriosu m. 

Failure of the ductus arteriosus to close may oc¬ 
cur as an isolated congenital abnormality or may 
be present in association with congenital heart dis- 
^.ease. A persiste nt patent ductus arteriosus results 
in high-pressure aortic blood passing into the p ul¬ 
monary artery, which rai ses the pre ssure in the 
pul monary circul ation. A patent ductus arteriosus 
is life-threatening and should be ligated and di¬ 
vided surgically. 


Coarctation of the Aorta 

Coarctation of the aorta is a congenital narrowi ng 
of the aorta j ust proximal to, opposite, or distal to 
The site of attachment of the ligamentum arter¬ 
iosum. This condition is believed to result from an 
unusual quantity of ductus arteriosus muscle tissue 
being present in the wall of the aorta. When the 
ductus arteriosus contracts, the ductal muscle in 
the aortic wall also contracts and the aortic lumen 
becomes narrowed. Later, when fibrosis takes 
place, the aortic wall also is involved and perma¬ 
nent narrowing occurs. 

Clinically, the cardinal sign of aortic coarctation 
is a bsent or diminished pulses in the femoral a r¬ 
teries of both lower limbs. To compensate for the 
diminished volume of blood reaching the lower 
part of the body, an enormous collateral circula ¬ 
tion develops with dilation of the internal thoracic, 
subclavian, and posterior intercostal arteries. The 
condition should be treated surgically. 


Azygos and Heini-Azygos Veins 

In obstruction of the superior or inferior venae ca- 
vae, the azygos veins provide an alternative path- 
Avav for the retu rn nf vpnnns blo od to the rig ht 

atrium of the heart . This is possible since these 
veins and their tributaries connect the superior and 
inferior venae cavae. 
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CLINICAL PROBLEMS Answers on page 957 


1. A 55-vear-old man states that his wife has re¬ 
cently noticed an alteration in his voice. He has 
lost 40 pounds in weight and has a persistent 
cough with blood-stained sputum. He smokes 
fifty r cigarettes a day. On examination, the left 
vocal fold is immobile and lies in the adducted 
position. A postero-anterior chest radiograph 
reveals a large mass in the upper lobe of the left 
lung with an increase in width of the medias¬ 
tinal shadow on the left side. Explain in ana¬ 
tomical terms the alteration of the voice, and, 
if possible, relate the voice changes to the other 
findings. 

2. A 50-vear-old patient with a history of syphilis 
in her youth has a swelling that protrudes from 
beneath the upper margin of the sternum in the 
midline of the neck. The swelling expands with 
each systole of the heart. On examination, the 
trachea is found to be displaced to the right in 
the neck, and there is a distinct tugging sensa¬ 
tion felt on palpation of the trachea. What an¬ 
atomical structure lying within the superior 
mediastinum is likely to have an expansile 
swelling that tugs at the trachea? 

3. A 35-year-old woman says that she has diffi¬ 
culty in breathing and sleeping at night. She 
falls asleep, only to wake up with a choking 
sensation. She finds that she has to sleep 
propped up in bed on pillows with her neck 
flexed to the right. On examination, she is 
found to have an enlarged thyroid gland and 
congested veins in the root of the neck. Explain 
on anatomical grounds (a) why she should 
have difficulty in breathing when asleep and 
(b) why the veins in the neck are congested. 

4. A 15-year-old boy was rescued from a lake after 
falling through thin ice. The next day a severe 
cold developed, and three days later his general 
condition deteriorated. He became more febrile 
and started to cough up blood-stained sputum. 
At first, he had no chest pain, but later, when 
he coughed, he experienced a severe pain over 
the right fifth intercostal space in the midcla- 
vicular line. The diagnosis of lobar pneumonia 
was made. Explain the following: (a) Why did 
he not experience chest pain early in the dis¬ 
ease? (b) What is the pain due to and why is it 


worse on coughing? (c) Which lobe of the lung 
is likely to be diseased? 

5. Following a broken engagement, a 33-vear-old 
woman attempted to commit suicide by swal¬ 
lowing a solution of caustic soda. Her family 
physician managed to start treatment early and 
she recovered. Five years later, now happily 
married, she was admitted to the hospital com¬ 
plaining of difficulty in swallowing. She stated 
that she felt that solid foods tended to “stick 
here”—and she pointed to the region of the 
sternal angle. Where is the obstruction likely to 
be situated? 

6. While changing the diaper on her 2-year-old 
bov, a mother failed to find one of the small 
safety pins. Two days later the child developed 
a cough and became febrile. What is likely to 
have occurred to the safety pin, and where, an¬ 
atomically, would you expect to find it? 

7. A young man aged 25 was found on routine 
chest X-rav to have a localized tuberculous le¬ 
sion in the right upper lobe of the right lung. It 
failed to respond to medication. Is it possible to 
remove a local area of the lung surgically? 

8. A 45-vear-old man has a history of rheumatic 
fever at age 10. Following the illness, stenosis of 
the mitral valve developed. He was recently ad¬ 
mitted to the hospital with the signs and symp¬ 
toms of right-sided heart failure. Based on vour 
anatomical knowledge, bv what method would 
you assess the size of the left atrium? 

9. A colleague reports that a patient has altered 
breath sounds in the upper lobe of the left lung. 
To verify this, where would you place vour 
stethoscope on the chest wall? 

10. A patient is suspected of suffering from bron¬ 
chiectasis (permanent dilatation of the bron¬ 
chi) in the lower lobe of the right lung, (a) 
Would you expect to be able to see a small bron¬ 
chus on a postero-anterior radiograph of the 
thorax? (b) What special methods are available 
to examine the lumen of a small bronchus? 

11. A 36-vear-old patient with a known history of 
emphysema (dilatation of alveoli and destruc¬ 
tion of alveolar walls with tendency to form 
cystic spaces) suddenly experiences a severe 
pain in the chest, is breathless, and is obviously 
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in a state of shock. On examination, the trachea 
is found displaced to the right in the supraster¬ 
nal notch, and the apex beat of the heart can 
be felt in the fifth left intercostal space just lat¬ 
eral to the sternum. Assuming the patient has 
had a spontaneous pneumothorax, explain the 
following: (a) Why are the trachea and apex 
beat displaced to the right? (b) Whv is the left 
lung collapsed? (c) What is the air pressure in 
the left pleural cavity? 

12. A wife was told that her husband was suffering 
from cancer of the lower end of the esophagus. 
She was informed that to save his life the sur¬ 
geon would have to remove the lower part of 
the esophagus, the stomach, the spleen, and the 
upper part of the duodenum. She could not un¬ 
derstand whv such a drastic operation was re¬ 
quired to remove such a small tumor. Can you 
explain why in anatomical terms? 

13. A blue-nosed, 50-vear-old man, who is a 
chronic alcoholic patient, was told by his phy¬ 
sician that he had cirrhosis of the liver with 
portal hypertension. Recently, he informed his 
phvsician that he had vomited a cupful of 
blood. Using vour anatomical knowledge, can 
you explain his last medical episode? 

14. A mother, on looking at her newborn babv 
lving on its back in a crib, was astonished and 
horrified to see its anterior abdominal wall 
bulging in and out with each respiration. Can 
you explain this in anatomical terms? 

15. A chronic asthmatic patient recently had a se¬ 
vere attack in a restaurant. It was noticed that 
he stood up and grabbed the tabletop and chair 
back to help him inspire. Is this likely? If so, 
explain how he was able to assist his inspira¬ 
tory efforts by this means. 

16. A physician treating a patient with acute peri¬ 
carditis decided it would be advantageous to 
aspirate some of the fluid in the pericardial 


cavitv. Where should he insert the needle and 
whv? 

17. A 55-vear-old man states that he experiences 
pain down the inner side of this left arm when 
he walks upstairs or when he becomes excited. 
He emphatically denies that he has heart dis¬ 
ease since, as he says, “I have no pain in my 
heart.” Is he correct? Can you explain the path¬ 
way taken bv the pain fibers from the heart to 
the central nervous system? 

18. Three years ago a 58-year-old man had a ve¬ 
nous graft operation for disease of his right cor¬ 
onary artery. After 3 years of freedom from the 
pain, he now complains of severe angina pec¬ 
toris on exertion. His surgeons are against per¬ 
forming a further graft operation. Is it possible 
to interrupt the pain fibers from the heart? 

19. A patient has severe aortic incompetence. 
Where would you place vour stethoscope on the 
chest wall to hear the aortic valve with the least 
distortion? 

20. A patient has disease of the mitral valve. Where 
would you place your stethoscope on the chest 
wall to hear the mitral valve? 

21. Can vou explain why an obese patient is more 
likely to develop postoperative pulmonary com¬ 
plications than a thin patient? 

22. A doctor was driving across a road intersection 
when another car passing through a red light 
hit his car broadside at high speed. Within a 
few minutes, an ambulance was on the scene 
and the attendants managed to free the doctor 
from the wreckage of his car. He was found to 
be deeply cyanotic and all respiratoiy move¬ 
ments had ceased. His heart was still beating 
but his pulse was rapid and weak. Given that 
the doctor’s spinal cord had been severed at the 
level of the second cervical segment, explain in 
anatomical terms why all respiratoiy move¬ 
ments had ceased. 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) If (1), (2), and (3) only are correct 
fb) If (1) AND (3) ONLY ARE correct 

(c) If (2) AND (4) ONLY are correct 

(d) If (4) ONLY IS CORRECT 

(e) If all are correct 


Answers on page 983 

1. Which of the following statements are true 
with regard to the trachea? 

(1) It lies posterior to the esophagus in the su¬ 
perior mediastinum. 

(2) In deep inspiration the bifurcation may 
descend as far as the level of the sixth tho- 
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racic vertebra. 

(3) Its left principal bronchus is more vertical 
than the right principal bronchus. 

(4) The arch of the aorta lies on its anterior 
and left sides in the superior mediastinum. 

2. Which of the following statements are true 
with regard to the root of the right lung? 

(1) The right phrenic nerve passes anterior to 
the lung root. 

(2) The azygos vein arches forward over the 
superior margin of the lung root. 

(3) The right pulmonary arteiy lies anterior to 
the principal bronchus in the lung root. 

(4) The right vagus nerve passes posterior to 
the lung root. 

3. Which of the following statements are true re¬ 
garding the right lung? 

(1) It possesses a horizontal and an oblique 
fissure. 

(2) Its covering of visceral pleura is sensitive 
to pain and temperature sensations. 

(3) The lymph from the substance of the lung 
reaches the hilus bv the superficial and 
deep lymphatic plexuses. 

(4) The pulmonary ligament anchors the right 
lung to the central tendon of the dia- 

o 

phragm. 

4. The sternocostal (anterior) surface of the heart 
is formed bv the: 

(1) Right atrium 

(2) Right ventricle 

(3) Left ventricle 

(4) Left atrium 

5. As seen in a postero-anterior (PA) radiograph 
of the thorax, the left margin of the heart 
shadow includes which of the following struc¬ 
tures? 

(1) Left auricle 

(2) Pulmonary trunk 

(3) Arch of aorta 

(4) Left ventricle 

In each of the following questions, answer: 

(a) IF (1) IS CORRECT ONLY 

(b) If (2) IS CORRECT ONLY 

(c) If BOTH (1) AND (2) ARE CORRECT, AND 

(d) If neither (1) nor (2) is correct 

6. (1) Stab wounds of the neck immediately 

above the medial one-third of the clavicle 
may perforate the pleural cavity. 


(2) The base of the heart is formed mainly by 
the left atrium. 

7. (1) The second heart sound (dup) is produced 

by the closure of the mitral and tricuspid 
valves. 

(2) The lymph nodes at the hilus of the lung 
are drained superiorly into the broncho¬ 
mediastinal trunk. 

8. (1) The right coronary artery gives off the an¬ 

terior interventricular branch, which sup¬ 
plies the right and left ventricles. 

(2) The anterior cardiac vein opens into the 
left atrium. 

9. (1) The lymphatic drainage of the lower one- 

third of the esophagus empties into the ce¬ 
liac nodes. 

(2) Both the sino-atrial and atrioventricular 
nodes lie in the atrial portion of the heart. 


Select the best response: 

10. All of the following statements concerning the 
esophagus are correct except: 

(a) It receives an arterial blood supply from 
both the descending thoracic aorta and the 
left gastric artery. 

(b) It is constricted by the presence of the left 
principal bronchus. 

(c) It crosses from right to left posterior to the 
descending aorta. 

(d) It pierces the diaphragm with the left va¬ 
gus on its anterior surface and the right 
vagus on its posterior surface. 

(e) It joins the stomach about 16 inches (41 
cm) from the incisor teeth. 

11. All of the following statements concerning the 
mediastinum are correct except: 

(a) The mediastinum forms a partition be¬ 
tween the two pleural cavities. 

(b) The mediastinal pleura demarcates the 
lateral boundaries of the mediastinum. 

(c) The heart occupies the middle medias¬ 
tinum. 

(d) Should air enter the left pleural cavity, the 
structures forming the mediastinum will 
be deflected over to the right. 

(e) The anterior boundary of the medias¬ 
tinum extends to a lower level than the 
posterior boundary. 
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12. All of the following statements regarding the 
conducting system of the heart are true except: 

(a) The impulse for cardiac contraction spon¬ 
taneously begins in the sino-atrial node. 

(b) The atrioventricular bundle is the sole 
pathway for conduction of the waves of 
contraction between the atria and the ven¬ 
tricles. 

(c) The sino-atrial node is frequently supplied 
by the right and left coronary arteries. 

(d) The sympathetic nerves to the heart slow 
the rate of discharge from the sino-atrial 
node. 

(e) The atrioventricular bundle descends be¬ 
hind the septal cusp of the tricuspid valve. 

13. All of the following statements regarding the 
mechanics of inspiration are true except: 

(a) The diaphragm is the most important 
muscle of inspiration. 

(b) The suprapleural membrane can be 
raised. 

(c) The sternum moves anteriorly. 

(d) The ribs are raised superiorly. 

(e) The tone of the muscles of the anterior ab¬ 
dominal wall is diminished. 

14. Which of the following statements concerning 
the lungs is correct? 

(a) There are no lymph nodes within the 
lungs. 

(b) The right lung is in direct contact with the 
arch of the aorta and the descending tho¬ 
racic aorta. 

(c) Inhaled foreign bodies most frequently en¬ 
ter the right lung. 

(d) The structure of the lungs receives its 
blood supply form the pulmonary arteries. 

(e) The costodiaphragmatic recesses are lined 
with visceral pleura. 


15. Which of the following statements concerning 
the blood supply to the heart is incorrect? 

(a) The coronary arteries are branches of the 
ascending aorta. 

(b) The right coronary artery supplies both the 
right atrium and the right ventricle. 

(c) The circumflex branch of the left coronary 
artery descends in the anterior interven¬ 
tricular groove and passes around the apex 
of the heart. 

(d) Arrhythmias (abnormal heart beats) can 
occur following the occlusion of a coro¬ 
nary artery. 

(e) Coronary arteries can be classified as func¬ 
tional end arteries. 

16. Which of the following statements is incorrect 
concerning bronchopulmonary segments? 

(a) The veins are intersegmental. 

(b) The segments are separated by connective 
tissue septa. 

(c) The arteries are intrasegmental. 

(d) Each segment is supplied by a secondary 
bronchus. 

(e) Each pyramid-shaped segment has its 
base pointing toward the lung surface. 


Match tlie structures on the left with the re¬ 
gions of the heart on the right. Each lettered 
region mav be selected once or more than 


once. 

17. Coronary sinus 
(opening) 

18. Moderator band 

19. Anulus ovalis 

20. Right pulmonary 
veins (openings) 


(a) Left atrium 

(b) Right ventricle 

(c) Right atrium 

(d) Left ventricle 

(e) Right auricle 



4. The Abdomen: Part I 
The Abdominal Wall 


The abdomen may be defined as the region of the 
trunk that lies between the diaphragm above and 
the inlet of the pelvis below. 


SURFACE ANATOMY _ 

Surface Landmarks 

Xiphoid Process 

This is the thin cartilaginous lower part of the ster¬ 
num. It is easily palpated in the depression where 
the costal margins meet in the upper part of the 
anterior abdominal wall (Figs- 4-1 and 4-2). The 
xiphisternal junction is identified bv feeling the 
lower edge of the body of the sternum, and it lies 
opposite the body of the ninth thoracic vertebra. 


Costal Margin 

This is the curved lower margin of the thoracic 
wall and is formed in front by the cartilages of the 
seventh, eighth, ninth, and tenth ribs (Figs. 4-1 and 
4-2) and behind by the cartilages of the eleventh 
and twelfth ribs. The costal margin reaches its low¬ 


est level at the tenth costal cartilage, which lies op¬ 
posite the body of the third lumbar vertebra. The 
twelfth rib may be short and difficult to palpate. 


Iliac Crest 

This may be felt along its entire length and ends in 
front at the anterior superior iliac spine (Figs. 4-1 
and 4-2) and behind at the posterior superior iliac 
spine (Fig. 4-3). Its highest point lies opposite the 
body of the fourth lumbar vertebra. 

About 2 inches (5 cm) posterior to the anterior 
superior iliac spine, the outer margin projects to 
form the tubercle of the crest (Fig. 4-2). The tuber¬ 
cle lies at the level of the body of the fifth lumbar 
vertebra. 


Inguinal Ligament 

This is the rolled-under inferior margin of the apo¬ 
neurosis of the external oblique muscle (Figs. 4-1, 
4-8, and 4-9). It is attached laterally to the anterior 
superior iliac spine and curves downward and me¬ 
dially, to be attached to the pubic tubercle. The pu- 
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Fig. 4-1. Anterior abdominal wall of a 27-year-old 
male. 


bic tubercle may be identified as a small protuber¬ 
ance along the superior surface of the pubis (Figs. 
4-2, 4-10, and 4-26). 


Symphysis Pubis 

This is the cartilaginous joint that lies in the mid¬ 
line between the bodies of the pubic bones (Fig. 
4-1). It is felt as a solid structure beneath the skin 
in the midline at the lower extremity of the anterior 
abdominal wall. The pubic crest is the name given 
to the ridge on the superior surface of the pubic 
bones medial to the pubic tubercle (Fig. 4-26). 


Superficial Inguinal Ring 

This is a triangular aperture in the aponeurosis of 
the external oblique muscle situated above and me¬ 
dial to the pubic tubercle (Figs. 4-2, 4-8, 4-10, and 
4-16). In the adult male, the margins of the ring 
can be felt by invaginating the skin of the upper 
part of the scrotum with the tip of the little finger. 


The soft tubular spermatic cord can be felt emerg¬ 
ing from the ring and descending over or medial to 
the pubic tubercle into the scrotum (Fig. 4-16). Pal¬ 
pate the spermatic cord in the upper part of the 
scrotum between the finger and thumb and note 
the presence of a firm cordlike structure in its pos¬ 
terior part called the ms deferens (Figs. 4-18 and 
4-21). 

In the female the superficial inguinal ring is 
smaller and difficult to palpate; it transmits the 
round ligament of the uterus. 


Scrotum 

This is a pouch of skin containing the testes, the 
epididymides, and the lower ends of the spermatic 
cords. The testis on each side is a firm ovoid body 
surrounded on its lateral, anterior, and medial sur¬ 
faces bv the two layers of the tunica vaginalis (Fig. 
4-18). The testis should therefore lie free and not 
tethered to the skin or subcutaneous tissue. Poste¬ 
rior to the testis is an elongated structure, the epi¬ 
didymis (Fig. 4-18). It has an enlarged upper end 
called the head , a body, and a narrow lower end, 















Surface Anatomy 147 




Fig. 4-2. Surface landmarks and regions of anterior 
abdominal wall. 
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Fig. 4-3. Surface landmarks of posterior abdominal 
wall. 


the tail. The vas deferens emerges from the tail and 
ascends medial to the epididymis to enter the sper¬ 
matic cord. 


Linea Alba 

This is a fibrous band that extends from the sym¬ 
physis pubis to the xiphoid process and lies in the 
midline (Fig. 4-10). It is formed by the fusion of 
the aponeuroses of the muscles of the anterior ab¬ 
dominal wall and is represented on the surface by 
a slight median groove (Figs. 4-1 and 4-2). 


Umbilicus 

This lies in the linea alba and is inconstant in po¬ 
sition. It is a puckered scar and is the site of at¬ 
tachment of the umbilical cord in the fetus. 


Linea Semilunaris 

This is the lateral edge of the rectus abdominis 
muscle and crosses the costal margin at the tip of 
the ninth costal cartilage (Figs. 4-1 and 4-2). To 
accentuate the semilunar lines, the patient is asked 
to lie on his back and raise his shoulders off the 
couch without using his arms. To accomplish this, 
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he contracts his rectus abdominis muscles so that 
their lateral edges stand out. 


Abdominal Regions 

For clinical purposes it is customary to divide the 
abdomen into nine regions by two vertical and two 
horizontal lines (Fig. 4-2). 

Each vertical line passes through the midpoint 
between the anterior superior iliac spine and the 
symphysis pubis. The upper horizontal line, some¬ 
times referred to as the subcostal plane, joins the 
lowest point of the costal margin on each side. This 
is the inferior margin of the tenth costal cartilage 
and lies opposite the third lumbar vertebra. 

The lowest horizontal line, often referred to as 
the intertubercular plane, joins the tubercles on the 
iliac crests. This plane lies at the level of the body 
of the fifth lumbar vertebra. 

The regions thus marked out (Fig. 4-2) are: 

In the upper abdomen: the right hypochondrium, 
epigastrium, and left hypochondrium. 

In the middle abdomen: the right lumbar, umbili¬ 
cal, and left lumbar. 

In the lower abdomen: the right iliac region, hypo- 
gastrium, and left iliac region. 


Abdominal Quadrants 


Many physicians simply divide the abdomen into 
quadrants by using a vertical and a horizontal line 
that intersect at the umbilicus. The quadrants are 
named upper right, upper left, lower right, and 
lower left. 


Transpyloric Plane 

This plane is in common use clinically (Fig. 4-2). It 
passes through the tips of the ninth costal carti¬ 
lages on the two sides, i.e., the point where the lat¬ 
eral margin of the rectus abdominis ( linea semilu¬ 
naris) crosses the costal margin. To identify these 
points clearly, ask the supine patient to sit up with¬ 
out using his arms. To accomplish this, he con¬ 
tracts the rectus abdominis muscles on both sides, 
and the lateral margins of these muscles then stand 
out. This plane passes through the pylorus, the 
duodenojejunal junction, the neck of the pancreas, 
and the hili of the kidneys. 


Intercristal Plane 

This plane passes across the highest points on the 
iliac crests and lies on the level of the body of the 
fourth lumbar vertebra. 


Abdominal Viscera 

It must be emphasized that the positions of the 
majority of the abdominal viscera show individual 
variations as well as variations in the same person 
at different times. Posture and respiration have a 
profound influence on the position of viscera. 

The following organs are more or less fixed, and 
their surface markings are of clinical value. 


Liver 

The liver lies under cover of the lower ribs, and 
most of its bulk lies in the right hypochondrium 
and epigastrium (Fig. 4-4). In infants, until about 
the end of the third year, the lower margin of the 
liver extends 1 or 2 fingerbreadths below the costal 
margin (Fig. 4-4). In the adult who is obese or has 
a well-developed right rectus abdominis muscle, 
the liver is impalpable. In a thin adult the lower 
edge of the liver may be felt a fingerbreadth below 
the costal margin. It is most easily felt when the 
patient inspires deeply and the diaphragm con¬ 
tracts and pushes down the liver. 


Gallbladder 

The fundus of the gallbladder lies opposite the tip 
of the right ninth costal cartilage, i.e., where the 
lateral edge of the right rectus abdominis muscle 
crosses the costal margin (Fig. 4-4). 


Spleen 

The spleen is situated in the left hypochondrium 
and lies under cover of the ninth, tenth, and elev¬ 
enth ribs (Fig. 4-4). Its long axis corresponds to 
that of the tenth rib, and in the adult it does not 
normally project forward in front of the midaxil- 
laiy line. In infants the lower pole of the spleen 
may just be felt (Fig. 4-4). 
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Fig. 4-4. Surface markings of fundus of gallbladder, 
spleen, and liver. Note that in a young child, lower 
margin of normal liver and low er pole of normal 
spleen may be palpated. In a thin adult, lower mar¬ 
gin of normal liver may just be felt at the end of 
deep inspiration. 
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Pancreas 

The pancreas lies across the transpvloric plane. The 
head lies below and to the right, the neck lies on 
the plane, and the body and tail lie above and to 
the left. 


Kidney’s 

The rio'ht kidney lies at a slightly lower level than 
the left kidney (due to the bulk of the right lobe of 
the liver), and the lower pole may be palpated in 
the right lumbar region at the end of deep inspi¬ 
ration in a person with poorly developed abdomi¬ 
nal musculature. Each kidney moves about 1 inch 
(2.5 cm) in a vertical direction during full respira¬ 
tory movement of the diaphragm. The normal left 
kidney is impalpable. 

On the anterior abdominal wall the hilus of each 
kidney lies on the transpvloric plane, about 3 fin- 
gerbreadths from the midline. On the back, the 
kidneys extend from the twelfth thoracic spine to 
the third lumbar spine, and the hili are opposite 
the first lumbar vertebra (Fig. 4-3). 


Cecum 

The cecum is situated in the right iliac region. It is 
often distended with gas and gives a resonant 
sound when percussed. It can be palpated through 
the anterior abdominal wall. 


Appendix 

The appendix lies in the right iliac region. The base 
of the appendix is situated one-third of the way up 
the line, joining the anterior superior iliac spine to 
the umbilicus (McBurney’s point). The position of 
the free end of the appendix is very variable. 


Ascending Colon __ 

The ascending colon extends upward from the 
cecum on the lateral side of the right vertical line 
and disappears under the right costal margin. It 
can be palpated through the anterior abdominal 
wall. 


Transvei'se Colon 

The transverse colon extends across the abdomen, 
occupying the umbilical and hypogastric regions. It 
arches downward with its concavity directed up¬ 
ward. Because it has a mesentery, its position is 
variable. 


Descending Colon 

The descending colon extends downward from the 
left costal margin on the lateral side of the left ver¬ 
tical line. In the left iliac region it curves medially 
and downward to become continuous with the sig¬ 
moid colon. The descending colon has a smaller 
diameter than the ascending colon and can be pal¬ 
pated through the anterior abdominal wall. 


Aorta 

The aorta lies in the midline of the abdomen and 
bifurcates below into the rmlit and left common 
iliac arteries opposite the fourth lumbar vertebra, 
i.e., on the intercristal plane. It may be palpated 
through the upper part of the anterior abdominal 
wall just to the left of the midline. 


External Iliac Artery 

The pulsations of this artery may be felt as it passes 
under the inguinal ligament to become continuous 
with the femoral artery. It may be located at a 
point halfway between the anterior superior iliac 
spine and the svmphvsis pubis. 


Urinary Bladder and Pregnant Uterus 

The full bladder and pregnant uterus may be pal¬ 
pated through the lower part of the anterior ab¬ 
dominal wall in the hvpogastrium (See p. 300.) 


STRUCTURE OF THE 
ABDOMINAL WALL_ 

Superiorly, the abdominal wall is formed by the 
diaphragm, which separates the abdominal cavity 
from the thoracic cavity. For a description of the 
diaphragm, see page 71. 

Inferiorly, the abdominal cavity is continuous 
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Fig. 4-5. On left, segmental innervation of anterior 
abdominal wall. On right, arterial supply to ante¬ 
rior abdominal wall. 

with the pelvic cavity through the pelvic inlet. (See 
p. 305.) 

Anteriorly, the abdominal wall is formed above 
bv the lower part of the thoracic cage and below 
by the rectus abdominis muscles, the external 
oblique, the internal oblique, and the transversus 
abdominis muscles and fasciae. 

Posteriorly, the abdominal wall is formed in the 
midline by the five lumbar vertebrae and their in¬ 
tervertebral discs; laterally, by the twelfth ribs, the 
upper part of the bony pelvis, the psoas muscles, 
the quadratus lumborum muscles, and the apo¬ 
neuroses of origin of the transversus abdominis 
muscles. The iliacus muscles lie in the upper part 
of the bony pelvis. 

Laterally, the abdominal wall is formed above by 
the lower part of the thoracic wall, including the 
lungs and pleura, and below, by the external 


oblique, internal oblique, and transversus abdom¬ 
inis muscles. 

The abdominal wall is lined by a fascial envelope 
and the parietal peritoneum. 


Anterior and Lateral 
Abdominal Walls 

Skin 

The natural lines of cleavage in the skin are con¬ 
stant and run almost horizontally around the 
trunk. This is important clinically, since an incision 
along a cleavage line will heal as a narrow scar, 
whereas one that crosses the lines will heal as a 
wide or heaped-up scar. (For details, see p. 5.) 


Nerve Supply 

The cutaneous nerve supply to the anterior abdom¬ 
inal wall is derived from the anterior rami of the 
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Fig. 4-6. Superficial veins of anterior abdominal 
wall. On the left are shoun anastomoses between 
systemic veins and portal vein via paraumbilical 
veins. Arrows indicate direction taken by venous 
blood w hen there is obstruction of portal vein. On 
the right is shown an enlarged anastomosis be¬ 
tween lateral thoracic vein and superficial epigas¬ 
tric vein. This occurs if there is obstruction to 
either superior or inferior vena cava. 


lower six thoracic and the first lumbar nerves CFig. 
4-5). The thoracic nerves are represented by the 
lower five intercostal and the subcostal nerves, and 
the lumbar nerve is represented by the iliohypogas¬ 
tric and ilioinguinal nerves. The dermatome of T7 
is situated in the epigastrium just over the xiphoid 
process; that of T10 includes the umbilicus; and 
that of LI lies just above the inguinal ligament and 
the symphysis pubis. For the dermatomes of the 
anterior abdominal wall, see page 44. 


Blood Supply 

Cutaneous arteries, which are branches of the su¬ 
perior and inferior epigastric arteries, supply the 
area near the midline, and branches from the in¬ 
tercostal, lumbar, and deep circumflex iliac arter¬ 
ies supply the flanks (Fig. 4-5). 

The venous blood is collected into a network of 
veins that radiates out from the umbilicus (Fig. 
4-6). The network is drained above into the axillary 
vein via the lateral thoracic vein and below into the 
femoral vein via the superficial epigastric and great 
saphenous veins. A few small veins, the paraum¬ 
bilical veins, connect the network through the um¬ 
bilicus and along the ligamentum teres to the por¬ 
tal vein. They form an important portal-systemic 
venous anastomosis. 
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Lymph Drainage 

The cutaneous lymph vessels above the level of the 
umbilicus drain upward into the anterior axillaiy 
lvmph nodes. The vessels below this level drain 
downward into the superficial inguinal nodes. 


Superficial Fascia 

The superficial fascia may be divided into a super¬ 
ficial fatty layer and a deep membranous layer 
(Fig. 4-7). The fatty layer is continuous with the 
superficial fat over the rest of the body and may be 
extremely thick (3 inches [8 cm] or more in obese 
patients). The membranous layer fades out over 
the thoracic wall above and along the midaxillaiy 
line laterally. Inferiorly, it passes onto the front of 
the thigh, where it fuses with the deep fascia one 
fingerbreadth below the inguinal ligament (Fig. 
4-7). In the midline it is not attached to the pubis, 
but forms a tubular sheath for the penis (or clito¬ 
ris). Below these structures it is continued over the 
perineum and forms a saclike investment for the 
scrotum (or labia majora). In the perineum it wid¬ 
ens out and is attached on each side to the margins 
of the pubic arch. Posteriorly, it fuses with the per¬ 
ineal body and the posterior margin of the perineal 
membrane (Fig. 4-7). 

Clinicians often refer to the fatty layer of super¬ 
ficial fascia as the fascia of Camper; the membra¬ 
nous layer where it is situated on the anterior 
abdominal wall, as Scarpa’s fascia; and the mem¬ 
branous layer in the perineum, as Colles’fascia. 


Deep Fascia 

In the anterior abdominal wall the deep fascia is 
merely a thin layer of areolar tissue covering the 
muscles. 


Muscles of the Anterior and Lateral 
Abdominal Walls 

The muscles of the anterior and lateral abdominal 
walls include the external oblique, the internal 
oblique, the transversus, the rectus abdominis, and 
the pvramidalis muscles. 


EXTERNAL OBLIQUE 

The external oblique muscle is a broad, thin, mus¬ 
cular sheet that arises from the outer surfaces of 
the lower eight ribs and fans out to be inserted into 
the xiphoid process, the linea alba, the pubic crest, 
the pubic tubercle, and the anterior half of the iliac 
crest (Fig. 4-8). The majority of the fibers are in¬ 
serted bv means of a broad aponeurosis. Note that 
the most posterior fibers passing down to the iliac 
crest form a posterior free border. 

A triangular-shaped defect in the external 
oblique aponeurosis lies immediately above and 
medial to the pubic tubercle. This is known as the 
superficial inguinal ring (Figs. 4-8, 4-10, and 4-16). 
The spermatic cord (or round ligament of the 
uterus) passes through this opening and carries the 
external spermatic fascia (or the external covering 
of the round ligament of the uterus) from the mar¬ 
gins of the ring (Figs. 4-20 and 4-21). 

Between the anterior superior iliac spine and the 
pubic tubercle, the lower border of the aponeurosis 
is folded backward on itself, forming the inguinal 
ligament (Figs. 4-8 and 4-9). From the medial end 
of the ligament the lacunar ligament extends back¬ 
ward and upward to the pectineal line on the su¬ 
perior ramus of the pubis (Fig. 4-9). Its sharp, free 
crescentic edge forms the medial margin of the 
femoral ring. (See p. 588.) On reaching the pectin¬ 
eal line, the lacunar ligament becomes continuous 
with a thickening of the periosteum called the pec¬ 
tineal ligament (Fig. 4-9). 

The lateral part of the posterior edge of the in¬ 
guinal ligament gives origin to part of the internal 
oblique and transversus abdominis muscles. To the 
inferior rounded border of the inguinal ligament is 
attached the deep fascia of the thigh, the fascia 
lata (Fig. 4-7). 


INTERNAL OBLIQUE 

The internal oblique muscle is also a broad, thin, 
muscular sheet that lies deep to the external 
oblique; the majority of its fibers run at right an¬ 
gles to those of the external oblique (Fig. 4-8). It 
arises from the lumbar fascia, the anterior two- 
thirds of the iliac crest, and the lateral two-thirds 
of the inguinal ligament. The muscle fibers radiate 
as they pass upward and forward. The muscle is 
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fatty layer 
[Camper's fascia]^ 

membranous layer 
[Scarpa's fascia] 

urethra 



Fig. 4-7. Arrangement of fatty layer and membra¬ 
nous layer of superficial fascia in lower part of an¬ 
terior abdominal wall. Note line of fusion between 
membranous layer and deep fascia of thigh (fascia 
lata). In lower diagram, note attachment of mem¬ 
branous layer to posterior margin of perineal 
membrane. Arrows indicate paths taken by urine 
in cases of ruptured urethra. 
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inserted into the lower borders of the lower three 
ribs and their costal cartilages, the xiphoid process, 
the linea alba, and the symphysis pubis. The inter¬ 
nal oblique has a lower free border that arches over 
the spermatic cord (or round ligament of the 
uterus) and then descends behind it to be attached 
to the pubic crest and the pectineal line. Near their 
insertion, the lowest tendinous fibers are joined bv 
similar fibers from the transversus abdominis to 
form the conjoint tendon (Figs. 4-12 and 4-16). The 
conjoint tendon is attached medially to the linea 
alba, but it has a lateral free border. 

As the spermatic cord (or round ligament of the 
uterus) passes under the lower border of the inter¬ 
nal oblique, it carries with it some of the muscle 
fibers that are called the cremaster muscle (Figs. 
4-12 and 4-16). The cremasteric fasica is the term 
used to describe the cremaster muscle and its fas¬ 
cia. 


TRANSVERSUS 

The transversus muscle is a thin sheet of muscle 
that lies deep to the internal oblique, and its fibers 
run horizontally forward (Fig. 4-8). It arises from 
the deep surface of the lower six costal cartilages 
(interdigitating with the diaphragm), the lumbar 
fascia, the anterior two-thirds of the iliac crest, and 
the lateral third of the inguinal ligament. It is in¬ 
serted into the xiphoid process, the linea alba, and 
the symphysis pubis. The lowest tendinous fibers 
join similar fibers from the internal oblique to 
form the conjoint tendon, which is fixed to the 
pubic crest and the pectineal line (Figs. 4-12 and 
4-16). 

Note that the posterior border of the external 
oblique muscle is free, while the posterior borders 
of the internal oblique and transversus muscles are 
attached to the lumbar vertebrae by the lumbar 
fascia (Figs. 4-8 and 4-15). 


RECTUS ABDOMINIS 

The rectus abdominis is a long strap muscle that 
extends along the whole length of the anterior ab¬ 
dominal wall. It is broader above and lies close to 
the midline, being separated from its fellow by the 
linea alba. 

The rectus abdominis muscle arises by two 
heads, from the front of the symphysis pubis and 


from the pubic crest (Figs. 4-9 and 4-13). It is in¬ 
serted into the fifth, sixth, and seventh costal car¬ 
tilages and the xiphoid process (Fig. 4-10). When it 
contracts, its lateral margin forms a curved ridge 
that can be palpated and often seen and is termed 
the linea semilunaris (Figs. 4-1,4-2, and 4-10). This 
extends from the tip of the ninth costal cartilage to 
the pubic tubercle. 

The anterior surface of the muscle is crossed by 
three tendinous intersections: at the tip of the xi¬ 
phoid, at the umbilicus, and halfway between the 
two (Fig. 4-10). These intersections are strongly at¬ 
tached to the anterior wall of the rectus sheath. 
(See below.) 

The rectus abdominis is enclosed between the 
aponeuroses of the external oblique, the internal 
oblique, and the transversus, which form the rectus 
sheath. 


PYRAMIDALIS 

The pvramidalis muscle is often absent. It arises bv 
its base from the anterior surface of the pubis and 
is inserted into the linea alba (Fig. 4-10). It lies in 
front of the lower part of the rectus abdominis. 


RECTUS SHEATH 

The rectus sheath is a long sheath that encloses the 
rectus abdominis muscle and pvramidalis muscle 
(if present) and contains the anterior rami of the 
lower six thoracic nerves and the superior and 
inferior epigastric vessels and lymphatics. It is 
formed largely by the aponeuroses of the three lat¬ 
eral abdominal muscles (Figs. 4-8, 4-10, and 4-11). 

For ease of description it will be considered at 
four levels (Fig. 4-13). 

1. Above the costal margin the anterior wall 
is formed by the aponeurosis of the external 
oblique. The posterior wall is formed by the tho¬ 
racic wall, i.e., the fifth, sixth, and seventh costal 
cartilages and the intercostal spaces. 

2. Between the costal margin and the level of the 
anterior superior iliac spine, the aponeurosis of 
the internal oblique splits to enclose the rectus 
muscle; the external oblique aponeurosis is di¬ 
rected in front of the muscle, and the transversus 
aponeurosis is directed behind the muscle. 

3. Between the level of the anterior superior iliac 
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Fig. 4-8. External oblique, internal oblique, and 
transversus muscles of anterior and lateral abdom- 
inal walls. 
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Fig. 4-9. Bonv pelvis viewed from above. Note at¬ 
tachments of inguinal, lacunar, and pectineal liga¬ 
ments. 
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Fig. 4-10. Anterior view of rectus abdominis muscle 
and rectus sheath. On left, anterior wall of sheath 
has been partly removed, revealing rectus muscle 
with its tendinous intersections. On right, posterior 
wall of rectus sheath is shown. Edge of arcuate line 
is shown at level of anterior superior iliac spine. 
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Fig. 4-11. Rectus sheath (A) in anterior view and 
(B) in sagittal section. Note arrangement of apo¬ 
neuroses forming rectus sheath. 


spine and the pubis, the aponeuroses of all three 
muscles form the anterior wall. The posterior 
wall is absent, and the rectus muscle lies in con¬ 
tact with the fascia transversalis. 

4. In front of the pubis the origin of the rectus mus¬ 
cle and the pvramidalis (if present) is covered 
anteriorly by the aponeuroses of all three mus¬ 
cles. The posterior wall is formed by the body of 
the pubis. 

It should be noted that where the aponeuroses 
forming the posterior wall pass in front of the rec¬ 
tus at the level of the anterior superior iliac spine, 
the posterior wall has a free, curved lower border 


called the arcuate line (Figs. 4-10 and 4-11). At this 
site the inferior epigastric vessels enter the rectus 
sheath and pass upward to anastomose with the 
superior epigastric vessels. 

The rectus sheath is separated from its fellow on 
the opposite side by the linea alba (Figs. 4-10, 
4-12, and 4-13). This extends from the xiphoid pro¬ 
cess down to the symphysis pubis and is formed by 
the fusion of the aponeuroses of the lateral muscles 
of the two sides. Wider above the umbilicus, it nar¬ 
rows down below the umbilicus to be attached to 
the symphysis pubis. 

The posterior wall of the rectus sheath is not at¬ 
tached to the rectus abdominis muscle. The ante¬ 
rior wall is firmly attached to it by the muscle’s 
tendinous intersections (Figs. 4-10 and 4-11). 
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Fig. 4-12. Anterior view of pelvis, showing attach¬ 
ment of conjoint tendon to pubic crest and adjoin¬ 
ing part of pectineal line. 


Function of the Anterior and Lateral 
Abdominal Wall Muscles 

The oblique muscles laterally flex and rotate the 
trunk (Fig. 4-14). The rectus abdominis flexes the 
trunk and stabilizes the pelvis, and the pyramidalis 
keeps the linea alba taut during the process. 

The muscles of the anterior and lateral abdomi¬ 
nal walls assist the diaphragm during inspiration 
by relaxing as the diaphragm descends, so that the 
abdominal viscera may be accommodated. 

The muscles assist in the act of forced expiration 
that occurs during coughing and sneezing by pull¬ 
ing down the ribs and sternum. Their tone plays a 
very important part in supporting and protecting 
the abdominal viscera. By contracting simultane¬ 
ously with the diaphragm, with the glottis closed, 
they increase the intra-abdominal pressure and 


help in micturition, defecation, vomiting, and par¬ 
turition. 


Nerve Supply 

The oblique and transversus abdominis muscles 
are supplied by the lower six thoracic nerves and 
the iliohypogastric and ilioinguinal nerves (LI). 
The rectus muscle is supplied bv the lower six tho¬ 
racic nerves (Figs. 4-5 and 4-15). The pyramidalis 
is supplied by the twelfth thoracic nerve. 

A summary of the muscles of the anterior and 
lateral abdominal walls, their nerve supply, and 
their action is given in Table 4-1. 


Nerves of the Anterior and Lateral 
Abdominal Walls 

The nerves of the anterior and lateral abdominal 
walls are the anterior rami of the lower six thoracic 
and the first lumbar nerves (Figs. 4-5 and 4-15). 
They pass forward in the interval between the in- 
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Fig. 4-13. Transverse sections of rectus sheath seen 
at four levels. (1) Above costal margin. (2) Between 
costal margin and level of anterior superior iliac 
spine. (3) Below level of anterior superior iliac 
spine and above pubis. (4) At level of pubis. 
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Fig. 4-14. Action of muscles of anterior and lateral 
abdominal w alls. Arrow's indicate line of pull of 
different muscles. 


ternal oblique and transversus muscles. They sup¬ 
ply the skin of' the anterior abdominal wall, the 
muscles (see above), and the parietal peritoneum. 
(Compare with the intercostal nerves, which run 
forward in the intercostal spaces between the in¬ 
ternal intercostal and transversus thoracis muscles. 
See p. 70.) The lower six thoracic nerves then pierce 
the posterior wall of the rectus sheath to supply the 
rectus muscle and the pyramidalis (T12 only). 
They terminate by piercing the anterior wall of the 
sheath and supplying the skin. 

The first lumbar nerve has a similar course, but 
it does not enter the rectus sheath (Figs. 4-5 and 
4-15). It is represented bv the iliohypogastric nerve, 
which pierces the external oblique aponeurosis 
above the superficial inguinal ring, and by the il¬ 
ioinguinal nerve, which emerges through the ring. 
They end by supplying the skin just above the in¬ 
guinal ligament and the symphysis pubis. 


Arteries of the Anterior and Lateral 
Abdominal Walls 

The superior epigastric artery , one of' the terminal 
branches of' the internal thoracic artery, enters the 


upper part of the rectus sheath between the sternal 
and costal origins of the diaphragm (Fig. 4-5). It 
descends behind the rectus muscle, supplying the 
upper central part of the anterior abdominal wall, 
and anastomoses with the inferior epigastric ar¬ 
tery. 

The inferior epigastric arteiy is a branch of' the 
external iliac artery just above the inguinal liga¬ 
ment. It runs upward and medially along the me¬ 
dial side of the deep inguinal ring (Figs. 4-5, 4-16, 
and 4-20). It pierces the fascia transversalis to enter 
the rectus sheath anterior to the arcuate line (Fig. 
4-11). It ascends behind the rectus muscle, supply¬ 
ing the lower central part of the anterior abdomi¬ 
nal wall, and anastomoses with the superior epi¬ 
gastric artery. 

The deep circumjlex iliac arteiy is a branch of the 
external iliac artery just above the inguinal liga¬ 
ment (Fig. 4-5). It runs upward and laterally to¬ 
ward the anterior superior iliac spine and then con¬ 
tinues along the iliac crest. It supplies the lower 
lateral part of the abdominal wall. 

The lower two posterior intercostal arteries , 
branches of the descending thoracic aorta, and the 
four lumbar arteries , branches of the abdominal 
aorta, pass forward between the muscle layers and 
supply the lateral part of'the abdominal wall (Fig. 
4-5). ’ 
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Table 4-1. Muscles of Anterior and Lateral Abdominal Walls 


Name of* muscle 

Origin 

Insertion 

Nerve supply 

Action 

External oblique 

Lower eight ribs 

Xiphoid process, 
linca alba, pubic 
crest, pubic 
tubercle, iliac 
crest 

Lower six thoracic 
nerves and 
iliohypogastric 
and ilioinguinal 
nerves (LI) 

Supports abdominal 
contents; 
compresses 
abdominal 
contents; assists in 
flexing and rotation 
of trunk. Assists in 
forced expiration, 
micturition, 
defecation, 
partuition, and 
vomiting 

Internal oblique 

Lumbar fascia, iliac 
crest, lateral two- 
thirds of inguinal 
ligament 

Lower three ribs 
and costal 
cartilages, 
xiphoid process, 
linea alba, 
symphysis pubis 

Lower six thoracic 
nerves, 

iliohypogastric 
and ilioinguinal 
nerves (LI) 

As above 

Trans versus 

Lower six costal 
cartilages, 
lumbar fascia, 
iliac crest, lateral 
third of* inguinal 
ligament 

Xiphoid process, 
linca alba, 
svmphvsis pubis 

Lower six thoracic 

nerves, 

iliohypogastric 
and ilioinguinal 
nerves (LI) 

Compresses 

abdominal contents 

Rectus abdominis 

Symphysis pubis 
and pubic crest 

Fifth, sixth, and 
seventh costal 
cartilages and 
xiphoid process 

Lower six thoracic 

nerves 

Compresses 

abdominal contents 
and flexes vertebral 
column; accessory 
muscle of 
expiration 

Pvramidalis (it' 
present) 

Anterior surface of 
pubis 

Linca alba 

Twelfth thoracic 

nerve 

Tenses the linea alba 


Veins of the Anterior and Lateral 
Abdominal Walls 

The superficial veins have been described on page 
153. The superior epigastric, inferior epigastric, 
and deep circumflex iliac veins follow the arteries 
of the same name and drain into the internal tho¬ 
racic and external iliac veins. The posterior inter¬ 
costal veins drain into the azygos veins, and the 
lumbar veins drain into the inferior vena cava. 


Lymph Drainage of the Anterior and 
Lateral Abdominal Walls 

The cutaneous lymph vessels above the level of the 
umbilicus drain upward into the anterior axillary 
lymph nodes. The vessels below this level drain 
downward into the superficial inguinal nodes. The 
deep lymph vessels follow the arteries and drain 
into the internal thoracic, external iliac, posterior 
mediastinal, and para-aortic (lumbar) nodes. 
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Inguinal Canal 

The inguinal canal is an oblique passage through 
the lower part of the anterior abdominal wall and 
is present in both sexes. It allows structures to pass 
to and from the testis to the abdomen in the male. 
In the female it permits the passage of the round 
ligament of the uterus from the uterus to the la¬ 
bium majus. In addition, it transmits the ilioin¬ 
guinal nerve in both sexes (Fig. 4-16). 

The canal is about IV 2 inches (4 cm) long in the 
adult and extends from the deep inguinal ring, a 
hole in the fascia transversalis (see p. 180), down¬ 
ward and medially to the superficial inguinal ring, 
a hole in the aponeurosis of the external oblique 
muscle (Figs. 4-16 and 4-20). It lies parallel to and 
immediately above the inguinal ligament. In the 
newborn child, the deep ring lies almost directly 
posterior to the superficial ring, so that the canal is 
considerably shorter at this age. Later, as the result 
of growth, the deep ring moves laterally. 

The deep inguinal ring,* an oval opening in the 
fascia transversalis, lies about V 2 inch (1.3 cm) 
above the inguinal ligament midway between the 
anterior superior iliac spine and the symphysis 
pubis (Figs. 4-16 and 4-20). Related to it medially 
are the inferior epigastric vessels, which pass up¬ 
ward from the external iliac vessels. The margins 
of the ring give origin to the internal spermatic fas¬ 
cia (or the internal covering of the round ligament 
of the uterus). 

The superficial inguinal ring* is a triangular¬ 
shaped defect in the aponeurosis of the external 
oblique muscle and the base is formed by the pubic 
crest (Figs. 4-16, 4-20, and 4-21). The margins of 
the ring, sometimes called the crura , give origin to 
the external spermatic fascia. 

The anterior wall of the canal is formed along its 
entire length by the aponeurosis of the external 
oblique muscle. It is reinforced in its lateral third 
by the fibers of origin of the internal oblique (Figs. 

*A common frustration for medical students is the inability 
to observe these rings as openings. One must remember that 
the internal spermatic fascia is attached to the margins of the 
deep inguinal ring and the external spermatic fasica is at¬ 
tached to the margins of the superficial inguinal ring, so that 
the edges of the rings cannot be observed externally. Compare 
this arrangement to the openings for the fingers seen inside a 
glove with the absence of openings for the fingers when the 
glove is viewed from the outside. 


4-16 and 4-20). This wall is therefore strongest 
where it lies opposite the weakest part of the pos¬ 
terior wall, namely, the deep inguinal ring. 

The posterior wall of the canal is formed along 
its entire length bv the fascia transversalis. It is 
reinforced in its medial third by the conjoint ten¬ 
don, the common tendon of insertion of the inter¬ 
nal oblique and transversus, which is attached to 
the pubic crest and pectineal line (Figs. 4-16 and 
4-20). This wall is therefore strongest where it lies 
opposite the weakest part of the anterior wall, 
namely, the superficial inguinal ring. 

The inferior wall or floor of the canal is formed 
by the rolled-under inferior edge of the aponeurosis 
of the external oblique muscle, namely, the in¬ 
guinal ligament and, at its medial end, the lacunar 
ligament (Fig. 4-12). 

The superior wall or roof of the canal is formed 
bv the arching lowest fibers of the internal oblique 
and transversus abdominis muscles (Fig. 4-12). 


MECHANICS OF THE INGUINAL CANAL 

The presence of the inguinal canal in the lower part 
of the anterior abdominal wall in both sexes con¬ 
stitutes a potential weakness. It is interesting to 
consider how the design of this canal attempts to 
lessen this weakness. 

1. Except in the newborn infant, the canal is an 
oblique passage with the weakest areas, namely, 
the superficial and deep rings, lying some dis¬ 
tance apart. 

2. The anterior wall of the canal is reinforced by 
the fibers of the internal oblique muscle imme¬ 
diately in front of the deep ring. 

3. The posterior wall of the canal is reinforced by 
the strong conjoint tendon immediately behind 
the superficial ring. 

4. On coughing and straining, as in micturition, 
defecation, and parturition, the arching lowest 
fibers of the internal oblique and transversus ab¬ 
dominis muscles contract, flattening out the 
arched roof so that it is lowered toward the floor. 
The roof may actually compress the contents of 
the canal against the floor so that the canal is 
virtually closed (Fig. 4-17). 

5. When great straining efforts may be necessaiy, 
as in defecation and parturition, the person nat¬ 
urally tends to assume the squatting position; 
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anterior cutaneous nerves 


Fig. 4-15. Cross section of abdomen, showing 
courses of lower thoracic and first lumbar nerves. 


Fig. 4-16. Inguinal canal, showing arrangement of 
(1) external oblique muscle, (2) internal oblique 
muscle, (3) transversus muscle, (4) fascia transver- 
salis. Note diat anterior w r all of canal is formed bv 
external oblique and internal oblique, and poste¬ 
rior w r all is formed bv fascia transversalis and con¬ 
joint tendon. Deep inguinal ring lies lateral to infe¬ 
rior epigastric arterv. 
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Fig. 4-17. Action of muscles on inguinal canal. Note 
that canal is “obliterated” when muscles con¬ 
tract. Note also that anterior surface of thigh pro¬ 
tects inguinal region when one assumes squatting 
position. 


the hip joints are flexed, and the anterior sur¬ 
faces of the thighs are brought up against the 
anterior abdominal wall. By this means the 
lower part of the anterior abdominal wall is pro¬ 
tected by the thighs (Fig. 4-17). 


Spermatic Cord 

The spermatic cord is a collection of structures that 
traverse the inguinal canal and pass to and from 


the testis (Fig. 4-18). It is covered with three con¬ 
centric layers of fascia derived from the layers of 
the anterior abdominal wall (Figs. 4-20 and 4-21). 
It begins at the deep inguinal ring lateral to the 
inferior epigastric artery and ends at the testis. 

STRUCTURES OF THE SPERMATIC CORD 
Vas Deferens 

This is a cordlike structure (Figs 4-18 and 4-21), 
which can be palpated between finger and thumb 
in the upper part of the scrotum. It is a thick- 
walled muscular duct, which transports sperma¬ 
tozoa from the epididymis to the urethra. 
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Fig. 4-18. Testis and epididymis, spermatic cord, 
and scrotum. Lower diagram shows testis and epi¬ 
didymis cut across in horizontal section. 
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Fig. 4-20. Continuity of the different layers of ante¬ 
rior abdominal wall with coverings of spermatic 
cord. In lower diagram, skin and superficial fascia 
of abdominal wall and scrotum have been in¬ 
cluded, and tunica vaginalis is also shown. 
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Fig. 4-21. Scrotum dissected from in front. Note 
spermatic cord and its coverings. 


Testicular Artery 

A branch of the abdominal aorta (at the level of 
the second lumbar vertebra), the testicular artery 
is long and slender and descends on the posterior 
abdominal wall. It traverses the inguinal canal and 
supplies the testis and the epididymis (Fig. 4-18). 


Testicular Veins 

An extensive venous plexus, the pampiniform 
plexus, leaves the posterior border of the testis (Fig. 
4-18). As the plexus ascends, it becomes reduced in 
size, so that at about the level of the deep inguinal 
ring, a single testicular vein is formed. This runs 
up on the posterior abdominal wall and drains into 
the left renal vein on the left side, and into the in¬ 
ferior vena cava on the right side. 


Lymph Vessels 

The testicular lymph vessels ascend through the in¬ 
guinal canal and pass up over the posterior abdom¬ 
inal wall to reach the lumbar (para-aortic) lymph 


nodes on the side of the aorta at the level of the 
first lumbar vertebra (Fig. 4-22). 


Autonomic Nerves 

Sympathetic fibers run with the testicular artery 
from the renal or aortic sympathetic plexuses. Af¬ 
ferent sensory nerves accompany the efferent sym¬ 
pathetic fibers. 


Processus Vaginalis 

__O_ 

The remains of the processus vaginalis are present 
within the cord. 

In addition to the structures described are (1) 
the small cremasteric artery, a branch of the infe¬ 
rior epigastric artery, which supplies the cremas¬ 
teric fascia (see the next section); (2) the small ar¬ 
tery to the vas deferens, a branch of the inferior 
vesical artery; and (3) the genital branch of the gen¬ 
itofemoral nerve, which supplies the cremaster 
muscle (Fig. 4-18). 
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Fig. 4-22. Lymphatic drainage of testis and skin of 
scrotum. 


COVERINGS OF THE SPERMATIC CORD 
(THE SPERMATIC FASCIAE) AND THE 
DEVELOPMENT OF THE INGUINAL 
CANAL 

To understand the coverings of the spermatic cord, 
one must first consider the development of the in¬ 
guinal canal. 

Prior to the descent of the testis and the ovary 
from their site of origin high upon the posterior 
abdominal wall (LI), a peritoneal diverticulum 
called the processus vaginalis is formed (Fig. 4-19). 
The processus vaginalis passes through the layers 
of the lower part of the anterior abdominal wall 
and, as it does so, acquires a tubular covering from 
each layer. It traverses the fascia transversalis at 
the deep inguinal ring and acquires a tubular con- 
vering, the internal spermatic fascia (Fig. 4-20). As 
it passes through the lower part of the internal 
oblique muscle, it takes with it some of its lowest 
fibers, which form the cremaster muscle. The mus¬ 


cle fibers are embedded in fascia, and thus the sec¬ 
ond tubular sheath is known as the cremasteric fas¬ 
cia (Fig. 4-20). The processus vaginalis passes 
under the arching fibers of the transversus abdom¬ 
inis muscle and therefore does not acquire a cov¬ 
ering from this abdominal layer. On reaching the 
aponeurosis of the external oblique, it evaginates 
this to form the superficial inguinal ring and ac¬ 
quires a third tubular fascial coat, the external 
spermatic fascia (Figs. 4-20 and 4-21). It is in this 
manner that the inguinal canal is formed in both 
sexes. (In the female the term “spermatic” fascia 
should be replaced bv the covering of the round lig¬ 
ament of the uterus .) 

Meanwhile, a band of mesenchvme, extending 
from the lower pole of the developing gonad 
through the inguinal canal to the labioscrotal 
swelling, has condensed to form the guhernaculum 
(Fig. 4-19). 

In the male the testis descends through the pelvis 
and inguinal canal during the seventh and eighth 
months of fetal life. The normal stimulus for the 
descent of the testis is testosterone, which is se- 
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creted by the fetal testes. The testis follows the gu- 
bernaculum and descends behind the peritoneum 
on the posterior abdominal wall. The testis then 
passes behind the processus vaginalis and pulls 
down its duct, blood vessels, nerves, and lymph 
vessels. The testis takes up its final position in the 
developing scrotum by the end of the eighth 
month. 

Since the testis and its accompanying vessels, 
ducts, and so on follow the course previously taken 
bv the processus vaginalis, they acquire the same 
three coverings as they pass down the inguinal 
canal. Thus, the spermatic cord is covered by three 
concentric layers of fascia: 

1. The internal spermatic fascia, derived from the 

fascia transversalis. 

2. The cremasteric fascia, derived from the internal 

oblique muscle. 

3. The extenal spermatic fascia, derived from the 

external oblique aponeurosis. 

In the female the ovary descends into the pelvis 
following the gubernaculum (Fig. 4-19). The gu- 
bernaculum becomes attached to the side of the 
developing uterus, and the gonad descends no fur¬ 
ther. That part of the gubernaculum extending 
from the uterus into the developing labium majus 
persists as the round ligament of the uterus . Thus, 
in the female the only structures that pass through 
the inguinal canal from the abdominal cavity are 
the round ligament of the uterus and a few lymph 
vessels. The lymph vessels convey a small amount 
of lymph from the body of the uterus to the super¬ 
ficial inguinal nodes. 


Scrotum , Testes , and Epididymides 

SCROTUM 

The scrotum may be considered as an outpouching 
of the lower part of the anterior abdominal wall. It 
contains the testes, the epididymides, and the 
lower ends of the spermatic cords (Figs. 4-18 and 
4-20). 

The skin of the scrotum is thin, wrinkled, and 
pigmented and forms a single pouch. A slightly 
raised ridge in the midline indicates the line of fu¬ 
sion of the two lateral labioscrotal swellings. (In 
the female the swellings remain separate and form 
the labia majora.) 


The superficial fascia is continuous with the fatty 
and membranous layers of the anterior abdominal 
wall; the fat is, however, replaced by smooth mus¬ 
cle called the dartos muscle. This is innervated by 
sympathetic nerve fibers and is responsible for the 
wrinkling of the overhang skin. The membranous 
layer of the superficial fascia (often referred to as 
Colles’ fascia) is continuous in front with the mem¬ 
branous layer of the anterior abdominal wall (Scar¬ 
pa’s fascia), and behind it is attached to the peri¬ 
neal body and the posterior edge of the perineal 
membrane (Fig. 4-7). At the sides it is attached to 
the ischiopubic rami. Both layers of superficial fas¬ 
cia contribute to a median partition that crosses 
the scrotum and separates the testes from each 
other. 

The spermatic fasciae lie beneath the superficial 
fascia and are derived from the layers of the ante¬ 
rior abdominal wall on each side, as previously ex¬ 
plained. (See p. 173.) The external spermatic fascia 
is derived from the aponeurosis of the external 
oblique muscle; the cremasteric fascia is derived 
from the internal oblique muscle; and, finally, the 
internal spermatic fascia is derived from the fascia 
transversalis. The cremaster muscle is supplied by 
the genital branch of the genitofemoral nerve. 

The cremaster muscle can be made to contract 
by stroking the skin on the medial aspect of the 
thigh. This is called the cremasteric reflex. The af¬ 
ferent fibers of this reflex arc travel in the femoral 
branch of the genitofemoral nerve (Ll and 2) and 
the efferent motor nerve fibers travel in the genital 
branch of the genitofemoral nerve. The function of 
the cremaster muscle is to raise the testis and the 
scrotum upward for warmth and for protection 
against injury. For testicular temperature and fer¬ 
tility, see below. 

The tunica vaginalis (Figs. 4-18, 4-20, and 4-21) 
lies within the spermatic fasciae and covers the an¬ 
terior, medial, and lateral surfaces of each testis. It 
is the lower expanded part of the processus vagin¬ 
alis, and normally, just before birth, it becomes 
shut off from the upper part of the processus and 
the peritoneal cavity. The tunica vaginalis is thus a 
closed sac, invaginated from behind by the testis. 


TESTIS 

The testis is a mobile organ hang within the scro¬ 
tum (Figs. 4-18 and 4-21). The left testis usually 
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lies at a lower level than the right. The upper pole 
of the gland is tilted slightly forward. Each testis is 
surrounded by a tough fibrous capsule, the tunica 
albuginea. 

Extending from the inner surface of the capsule 
is a series of fibrous septa that divide the interior 
of the organ into lobules. Lying within each lobule 
are one to three coiled seminiferous tubules. The 
tubules open into a network of channels called the 
rete testis. Small efferent ductules connect the rete 
testis to the upper end of the epididymis (Fig. 
4-18). 

Normal spermatogenesis can occur only if the 
testes are at a temperature lower than that of the 
abdomen. When they are located in the scrotum, 
they are at a temperature about 3°C lower than the 
abdominal temperature. The control of testicular 
temperature in the scrotum is not fully understood, 
but the surface area of the scrotal skin can be 
changed reflexlv by the contraction of the dartos 
and cremaster muscles. It is now recognized that 
the testicular veins in the spermatic cord that form 
the pampiniform plexus—together with the 
branches of the testicular arteries, which lie close 
to the veins—probably assist in stabilizing the tem¬ 
perature of the testes by a countercurrent heat ex¬ 
change mechanism. By this means, the hot blood 
arriving in the artery from the abdomen loses heat 
to the blood ascending to the abdomen within the 
veins. 


EPIDIDYMIS 

The epididymis is a firm structure lying posterior 
to the testis, with the vas deferens on its medial 
side (Fig. 4-18). It has an expanded upper end, the 
head , a body, and a pointed tail inferiorly. Lat¬ 
erally, there is a distinct groove between the testis 
and the epididymis, which is lined with the inner 
visceral layer of the tunica vaginalis and is called 
the sinus of the epididymis (Fig. 4-18). 

The epididymis is a much coiled tube nearly 20 
feet (6 m) long, embedded in connective tissue. 
The tube emerges from the tail of the epididymis 
as the vas deferens, which enters the spermatic 
cord. 

The long length of the duct of the epididymis 
provides storage space for the spermatozoa and al¬ 
lows them to mature. One of the main functions of 
the epididymis is the absorption of fluid. Another 


function may be the addition of substances to the 
seminal fluid to nourish the maturing sperm. 


LYMPHATIC DRAINAGE OF THE 
SCROTUM AND CONTENTS 

The lymphatic drainage of the wall of the scrotum, 
i.e., from the skin and fasciae, including the tunica 
vaginalis, is into the superficial inguinal lymph 
nodes (Fig. 4-22). 

The lymphatic drainage of the testis and epidid¬ 
ymis (Fig. 4-22) ascends in the spermatic cord and 
ends in the lumbar (para-aortic) lymph nodes at 
the level of the first lumbar vertebra (i.e., on the 
transpvloric plane). This is to be expected, since the 
testis during development has migrated from high 
up on the posterior abdominal wall, down through 
the inguinal canal, and into the scrotum, dragging 
its blood supply and lymph vessels after it. 


Labia Majora 

The labia majora are prominent, hair-bearing folds 
of skin formed bv the enlargement of the genital 
swellings in the fetus. (In the male the genital 
swellings fuse in the midline to form the scrotum). 
Within the labia is a large amount of adipose tissue 
and the terminal strands of the round ligaments of 
the uterus. 


Posterior Abdominal Wall 

The posterior abdominal wall is formed in the 
midline bv the five lumbar vertebrae and their in¬ 
tervertebral discs; laterally, by the twelfth ribs, the 
upper part of the bony pelvis (Fig. 4-23), the psoas 
muscles, the quadratus lumborum muscles, and 
the aponeuroses of origin of the transversus ab¬ 
dominis muscles. The iliacus muscles lie in the up¬ 
per part of the bony pelvis. 


Lumbar Vertebrae 

The body of each vertebra (Fig. 4-24) is massive 
and kidnev-shaped, and it has to bear the greater 
part of the body weight. The pedicles are strong 
and directed backward. The laminae are thick and 
enclose a small triangular vertebral foramen. The 
transverse processes are long, with sharp ends. The 
spinous process is short and flat and projects 















Fig. 4-23. Costal margin and bones of the abdo¬ 
men. 



Fig. 4-24. Fifth lumbar vertebra. 
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Fig. 4-25. Sagittal section of lumbar part of verte¬ 
bral column, showing intervertebral discs and liga¬ 
ments. 


straight back. The superior articular processes face 
medially, and the inferior articular processes face 
laterally. The fifth lumbar vertebra articulates with 
the base of the sacrum at the lumbosacral joint. 

The intervertebral discs (Fig. 4-25) in the lumbar 
region are thicker than in other regions of the ver¬ 
tebral column. They are wedge-shaped and are re¬ 
sponsible for the normal lordosis found in the lum¬ 
bar region. For a full description of the structure of 
intervertebral discs, see page 926. 


Twelfth Pair of Ribs 

The ribs are described on page 64. It should be 
noted that the head has a single facet for articula¬ 
tion with the body of the twelfth thoracic vertebra. 
The anterior end is pointed and has a small costal 
cartilage, which is embedded in the musculature 
of the anterolateral abdominal wall. In many per¬ 
sons it is so short that it fails to protrude beyond 
the lateral border of the erector spinae muscle on 
the back. 


Ilium 

The ilium, together with the ischium and pubis, 
forms the hip bone (Fig. 4-26); they meet one an¬ 
other at the acetabulum. The medial surface of the 


ilium is divided into two parts by the arcuate line. 
Above this line is a concave surface called the iliac 
fossa; below this line is a flattened surface that is 
continuous with the medial surfaces of the pubis 
and ischium. It should be noted that the arcuate 
line of the ilium forms the posterior part of the il- 
iopectineal line, and the pectineal line forms the an¬ 
terior part of the iliopectineal line. The iliopecti- 
neal line runs forward and demarcates the false 
from the true pelvis. For further details on the 
structure of the hip bone, see page 563. 


Muscles of the Posterior 
Abdominal Wall 

PSOAS MAJOR_ 

The psoas muscle + arises from the roots of the 
transverse processes, the sides of the vertebral bod¬ 
ies, and the intervertebral discs, from the twelfth 
thoracic to the fifth lumbar vertebrae (Fig. 4-27). 
The fibers run downward and laterally and leave 
the abdomen to enter the thigh by passing behind 
the inguinal ligament. The muscle is inserted into 
the lesser trochanter of the femur. The psoas is en¬ 
closed in a fibrous sheath that is derived from the 
lumbar fascia. The sheath is thickened above to 
form the medial arcuate ligament. 

^he psoas minor is a small muscle with a long tendon that 
lies anterior to the psoas major. It is unimportant and is ab¬ 
sent in 40 percent of subjects. 
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Fig. 4-26. Internal aspect of right hip bone. 


Nerve Supply 

This muscle is supplied by the lumbar plexus. 


Action 

The psoas flexes the thigh at the hip joint on the 
trunk; or if the thigh is fixed, it flexes the trunk on 
the thigh, as in sitting up from a lying position. 


QUADRATUS LUMBORUM _ 

The quadratus lumborum is a flat, quadrilateral¬ 
shaped muscle that lies alongside the vertebral col¬ 
umn. It arises below from the iliolumbar ligament, 
the adjoining part of the iliac crest, and the tips of 
the transverse processes of the lower lumbar ver¬ 
tebrae (Fig. 4-27). The fibers run upward and me¬ 
dially and are inserted into the lower border of the 
twelfth rib and the transverse processes of the up¬ 
per four lumbar vertebrae. The anterior surface of 


the muscle is covered by lumbar fascia, which is 
thickened above to form the lateral arcuate liga¬ 
ment and below, to form the iliolumbar ligament. 


Nerve Supply 

This muscle is supplied bv the lumbar plexus. 


Action 

It fixes or depresses the twelfth rib during respira¬ 
tion (see p. 100) and laterally flexes the vertebral 
column to the same side. 


TRANSVERSUS ABDOMINIS 

The transversus abdominis muscle is fully de¬ 
scribed on page 156. 


ILIACUS _ 

The iliacus muscle is fan-shaped and arises from 
the upper part of the iliac fossa (Figs. 4-26 and 
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Fig. 4-27. Muscles and bones forming posterior ab¬ 
dominal wall. 

4-27). Its fibers join the lateral side of the psoas 
tendon to be inserted into the lesser trochanter of 
the femur. The combined muscles are often re¬ 
ferred to as the iliopsoas. 


Nerve Supply 

This muscle is supplied by the femoral nerve, a 
branch of the lumbar plexus. 


Action 

The iliopsoas flexes the thigh on the trunk at the 
hip joint; or if the thigh is fixed, it flexes the trunk 
on the thigh. 


The posterior part of the diaphragm (Fig. 4-27) 
also forms part of the posterior abdominal wall. It 
is described on page 71. A summary of the muscles 
of the posterior abdominal wall, their nerve supply, 
and their action is given in Table 4-2. 


Fascial Lining of the 
Abdominal Walls 

The abdominal walls are lined by one continuous 
layer of connective tissue that lies between the pa¬ 
rietal peritoneum and the muscles (Fig. 4-28). It is 
continuous below with a similar fascial layer lining 
the pelvic walls. It is customary to name the fascia 
according to the structure it overlies. For example, 
the diaphragmatic fascia covers the undersurface 
of the diaphragm; the transversalis fascia lines the 
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Table 4-2. Muscles of' the Posterior Abdominal Wall 


Name of'muscle 

Origin 

Insertion 

Nerve supply 

Action 

Psoas 

Transverse 

processes, bodies, 
and intervertebral 
discs of twelfth 
thoracic and five 
lumbar vertebrae 

With iliacus into 
lesser trochanter 
of femur 

Lumbar plexus 

Flexes thigh on trunk; 
if' thigh is fixed it 
flexes trunk on 
thigh as in sitting 
up from hang 
position 

Quadratus 

lurnborum 

Iliolumbar 

ligament, iliac 
crest, tips of 
transverse 
processes of lower 
lumbar vertebrae 

Twelfth rib 

Lumbar plexus 

Fixes twelfth rib 
during inspiration; 
depresses twelfth 
rib during forced 
expiration; laterally 
flexes vertebral 
column same side 

Iliacus 

Iliac fossa 

With psoas into 
lesser trochanter 
of femur 

Femoral nerve 

Flexes thigh on trunk; 
if thigh is fixed it 
flexes the trunk on 
the thigh as in 
sitting up from 
hang position 


transversus abdominis; the psoas fascia covers the 
psoas muscle; the quadratus lurnborum fascia cov¬ 
ers the quadratus lurnborum; and the iliaca fascia 
covers the iliacus muscle. 

It is interesting to note that the abdominal blood 
and lvmph vessels lie within this fascial lining, 
whereas the principal nerves lie outside the fascia. 
This fact is important in the understanding of the 
femoral sheath (Fig. 4-28). This is simply a down¬ 
ward prolongation of the fascial lining around the 
femoral vessels and lymphatics, for about lVz 
inches (4 cm) into the thigh, behind the inguinal 
ligament. Since the femoral nerve lies outside the 
fascial envelope, it has no sheath. (See p. 590.) 

In certain areas of the abdominal wall, the fas¬ 
cial lining performs particularly important func¬ 
tions. Inferior to the level of the anterior superior 
iliac spines, the posterior wall of the rectus sheath 
is devoid of muscular aponeuroses (Figs. 4-11 and 
4-13) and is formed by the fascia transversalis and 
peritoneum only. (See p. 160.) 

At the midpoint between the anterior superior 
iliac spine and the symphysis pubis, the spermatic 
cord pierces the fascia transversalis to form the 
deep inguinal ring (Fig. 4-16). From the margins of 


the ring, the fascia is continued over the cord as a 
tubular sheath, the internal spermatic fascia (Fig. 
4-20). 


Peritoneal Lining of the 
Abdominal Walls 

The walls of the abdomen are lined with parietal 
peritoneum. This is a thin serous membrane con¬ 
sisting of a layer of mesothelium resting on con¬ 
nective tissue. It is continuous below with the pari¬ 
etal peritoneum lining the pelvis (Fig. 4-28). For 
further details, see pages 343 and 353. 


Nerve Supply 

The central part of the diaphragmatic peritoneum 
is supplied bv the phrenic nerves and the periph¬ 
eral part, by the lower intercostal nerves. The peri¬ 
toneum lining the anterior, lateral, and posterior 
abdominal walls is supplied segmentally by inter¬ 
costal and lumbar nerves, which also supply the 
overlying muscles and skin. 











Structure Of The Abdominal Wall 181 


fascia transversal is 


transverse colon 


ileum 


femoral sheath 
inguinal ligament 
femoral nerve 
peritoneum 


fascia 


femoral sheath 



lymph vessel 


femoral ring 


lymph node 
femoral canal 


quadratus lumborum fascia 



pelvic fascia 


femoral sheath 


femoral artery femoral vein 



femoral nerve 


Anterior view 


Fig. 4-28. Sagittal section of abdomen, showing ar¬ 
rangement of fascial and peritoneal linings of 
walls. Femoral sheath with its contained vessels is 
also shown. Note that femoral nerve is devoid of a 
fascial sheath. 


Lateral view 
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CLINICAL NOTES 
Skill 

The lymphatic drainage of the skin of the anterior 
and lateral abdominal walls above the level of the 
umbilicus is upward to the anterior axillary group 
of nodes; below the level of the umbilicus it is 
downward to the superficial inguinal nodes (Fig. 
4-29). The skin of the posterior abdominal wall or 
back above the level of the iliac crests is drained 
upward to the posterior axillary group of nodes; be¬ 
low the level of the iliac crests it is downward to 
the superficial inguinal nodes (Fig. 4-29). Clini¬ 
cally, it is therefore possible to find a swelling in 
the groin (an enlarged superficial inguinal node) 
due to an infection or malignant tumor of the skin 
of the buttock. 

The superficial veins around the umbilicus and 
the paraumbilical veins connecting them to the 
portal vein may become grossly distended in cases 
of portal vein obstruction (Fig. 4-29). The dis¬ 
tended subcutaneous veins radiate out from the 
umbilicus, producing the clinical picture referred 
to as caput Medusae. If there is obstruction to the 
superior vena cava or inferior vena cava, the venous 
blood causes distention of the veins running from 
the anterior chest wall to the thigh. The lateral tho¬ 
racic vein, a tributary of the axillary vein, anasto¬ 
moses with the superficial epigastric vein, a tribu¬ 
tary of the great saphenous vein of the leg. In these 
circumstances a tortuous varicose vein may extend 
from the axilla to the lower abdomen (Fig. 4-6). 

The nerves of the anterior and lateral abdominal 
walls supply the skin, the muscles, and the parietal 
peritoneum. They are derived from the anterior 
rami of the lower six thoracic nerves and the first 
lumbar nerves. The skin of the back is supplied by 
the posterior rami of the spinal nerves. It is impor¬ 
tant to remember that the seventh to the eleventh 
thoracic anterior rami are intercostal nerves and 
also supply the skin, intercostal muscles, and pa¬ 
rietal pleura of the thoracic wall. 

Inflammation of the parietal peritoneum will 
cause not only pain in the overlying skin, but also 
a reflex increase in tone of the abdominal muscu¬ 
lature in the same area. For example, a localized 
peritonitis in the right iliac region will cause pain 
in that region. Palpation of the abdominal wall in 
the right iliac region will detect a reflex rigidity of 


the abdominal muscles, as compared with a soft¬ 
ness of the abdominal muscles elsewhere. 

Sometimes it is difficult for a physician to decide 
whether the muscles of the anterior abdominal 
wall of a patient are rigid due to underlying in¬ 
flammation of the parietal peritoneum, or if the 
patient is voluntarily contracting the muscles be¬ 
cause he resents being examined or because the 
physician’s hand is cold. This problem is usually 
easily solved by asking the patient, who is lying su¬ 
pine on the examination table, to rest his arms by 
his sides and draw up his knees to flex the hip 
joints. It is practically impossible for a patient to 
keep the abdominal musculature tensed when the 
thighs are flexed. Needless to say, the examiner’s 
hand should be warm. 

A pleurisy involving the lower costal parietal 
pleura will cause pain in the overlying skin that 
may radiate down into the abdomen. Although it 
is unlikely to cause rigidity of the abdominal mus¬ 
cles, it may cause confusion in making a diagnosis 
unless these anatomical facts are remembered. 

It is useful to remember the following; 

Dermatomes over: 

The xiphoid process T7 

The umbilicus T10 

The pubis LI 

The umbilicus is a consolidated scar representing 
the site of attachment of the umbilical cord in the 
fetus; it is situated in the linea alba. In the adult it 
often receives scant attention in the bath and is 
consequently a common site for infection. It pos¬ 
sesses a number of embryological remains that 
may give rise to clinical problems. These are sum¬ 
marized in Figure 4-30. 

A patent urachus may reveal itself in the new¬ 
born infant bv the passage of urine through the 
umbilicus if there is a congenital urethral obstruc¬ 
tion. More often, it remains undiscovered until old 
age, when enlargement of the prostate may ob¬ 
struct the urethra (Fig. 4-30). 

Persistence of the vitello-intestinal duct mav re¬ 
sult in an umbilical fecal fistula (Fig. 4-30). If the 
duct remains as a fibrous band, a loop of bowel 
may become wrapped around it, causing intestinal 
obstruction (Fig. 4-30). 
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Fig. 4-29. Lymphatic drainage of skin of anterior 
and posterior abdominal walls. Lower diagram 
shows example of caput Medusae in case of portal 
obstruction due to cirrhosis of liver. 
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Fig. 4-30. Umbilicus, showing some common con¬ 
genital defects. 
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A Meckel’s diverticulum is present in 2 percent of 
subjects (Fig. 4-30). It occurs about 2 feet from the 
ileocolic junction and is about 2 inches long. It may 
become ulcerated or cause intestinal obstruction. 


Superficial Fascia 

The membranous layer of the superficial fascia is 
important clinically, since beneath it there is a po¬ 
tential closed space that does not open into the 
thigh, but is continuous with the superficial peri¬ 
neal pouch via the penis and scrotum. Rupture of 
the penile urethra may be followed by extravasa¬ 
tion of urine into the scrotum, perineum, and penis 
and then up into the lower part of the anterior ab¬ 
dominal wall deep to the membranous layer of fas¬ 
cia. The urine is excluded from the thigh because 
of the attachment of the fascia to the fascia lata 
(Fig. 4-7). 

When closing abdominal wounds it is usual for 
a surgeon to put in a continuous suture uniting the 
divided membranous layer of superficial fascia. 
This strengthens the healing wound, prevents 
stretching of the skin scar, and makes for a more 
cosmetically acceptable result. 


Muscles 

Remember that the abdominal muscles contract 
and relax with respiration, and the abdominal wall 
conforms to the volume of the abdominal viscera. 
There is an abdominothoracic rhythm. Normally, 
during inspiration, when the sternum moves for¬ 
ward and the chest expands, the anterior abdomi¬ 
nal wall also moves forward. If, when the chest 
expands, the anterior abdominal wall remains sta¬ 
tionary or contracts inward, it is highly probable 
that the parietal peritoneum is inflamed and has 
caused a reflex contraction of the abdominal mus¬ 
cles. 

The shape of the anterior abdominal wall is de¬ 
pendent on the tone of its muscles. A middle-aged 
woman with poor abdominal muscles who has had 
multiple pregnancies is often incapable of support¬ 
ing her abdominal viscera. The lower part of the 
anterior abdominal wall protrudes forward, a con¬ 
dition known as visceroptosis. This should not be 
confused with an abdominal tumor such as an 


ovarian cyst, or with the excessive accumulation of 
fat in the fatty layer of the superficial fascia. 


Surgical Incisions 

The length and direction of surgical incisions 
through the anterior abdominal wall to expose the 
underlying viscera are largely governed bv the po¬ 
sition and direction of the nerves of the abdominal 
wall, the direction of the muscle fibers, and the ar¬ 
rangement of the aponeuroses forming the rectus 
sheath. Ideally, the incision should be made in the 
direction of the lines of cleavage in the skin so that 
a hairline scar is produced. The surgeon usually 
has to compromise, placing the safety of the pa¬ 
tient first and the cosmetic result second. 

Incisions that necessitate the division of one of 
the main segmental nerves lying within the ab¬ 
dominal wall will result in paralysis of part of the 
anterolateral abdominal musculature and a see- 

O 

ment of the rectus abdominis. The consequent 
weakness of the abdominal musculature will cause 
an unsightly bulging forward of the abdominal 
wall and visceroptosis; extreme cases may require 
a surgical belt for support. 

If the incision can be made in the line of the 
muscle fibers or aponeurotic fibers as each layer is 
traversed, on closing the incision the fibers fall 
back into position and function normally. 

Incisions through the rectus sheath are widely 
used, provided that the rectus abdominis muscle 
and its nerve supply are kept intact. On closure of 
the incisions, the anterior and posterior walls of the 
sheath are sutured separately, and the rectus mus¬ 
cle springs back into position between the suture 
lines. The result is a very strong repair, with the 
minimum interference with function. 

The following incisions are commonly used: 

1. Paramedian incision. This may be supraumbili- 
cal, for exposure of the upper part of the abdom¬ 
inal cavitv, or infraumbilical, for the lower ab¬ 
domen and pelvis. In extensive operations in 
which a large exposure is required, the incision 
can run the full length of the rectus sheath. The 
anterior wall of the rectus sheath is exposed and 
incised about 1 inch (2.5 cm) from the midline. 
The medial edge of the incision is dissected me¬ 
dially, freeing the anterior wall of the sheath 
from the tendinous intersections of the rectus 
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muscle. The rectus abdominis muscle is re¬ 
tracted laterally with its nerve supply intact, and 
the posterior wall of the sheath is exposed. The 
posterior wall is then incised, together with the 
fascia transversalis and the peritoneum. The 
wound is closed in layers. 

2. Pararectus incision . The anterior wall of the rec¬ 
tus sheath is incised medially and parallel to the 
lateral margin of the rectus muscle. The rectus 
is freed and retracted medially, exposing the seg¬ 
mental nerves entering its posterior surface. If 
the opening into the abdominal cavity is to be 
small, these nerves may be retracted upward 
and downward. The posterior wall of the sheath 
is then incised, as in the paramedian incision. 
The great disadvantage of this incision is that the 
opening is small, and any longitudinal extension 
requires that one or more segmental nerves to 
the rectus abdominis be divided, with resultant 
postoperative rectus muscle weakness. 

3 . Midline incision. This incision is made through 
the linea alba. The fascia transversalis, the extra- 
peritoneal connective tissue, and the peritoneum 
are then incised. It is easier to perform above the 
umbilicus because the linea alba is wider in that 
region. It is a rapid method of gaining entrance 
to the abdomen and has the obvious advantage 
that it does not damage muscles or their nerve 

w 

and blood supply. It has the additional advan¬ 
tage that it mav be converted into a T-shaped 
incision for greater exposure. The anterior and 
posterior walls of the rectus sheath are then cut 
across transversely, and the rectus muscle is re¬ 
tracted laterally. 

4. Transrectus incision . The technique in the mak¬ 
ing and closing of this incision is the same as 
that used in the paramedian incision, except that 
the rectus abdominis muscle is incised longitu¬ 
dinally and not retracted laterally from the mid¬ 
line. This incision has the great disadvantage of 
sectioning the nerve supply to that part of the 
muscle that lies medial to the muscle incision. 

5. Transverse incision. This may be made above or 
below the umbilicus and can be small or so large 
that it extends from flank to flank. It may be 
made through the rectus sheath and the rectus 
abdominis muscles and through the oblique and 
transversus abdominis muscles laterally. It is 
rare to damage more than one segmental nerve, 
so that there is minimal postoperative abdomi¬ 


nal weakness. The incision gives good exposure 
and is well tolerated by the patient. Closure of 
the wound is made in layers. It is unnecessary to 
suture the cut ends of the rectus muscles, pro¬ 
vided that the sheaths are carefully repaired. 

6. Muscle splitting , or McBurney’s incision. This is 
chiefly used for cecostomy and appendectomy. It 
gives a limited exposure only, and should there 
be any doubt about the diagnosis, an infraum- 
bilical right paramedian incision should be used 
instead. 

An oblique skin incision is made in the right 
iliac region about 2 inches (5 cm) above and me¬ 
dial to the anterior superior iliac spine. The ex¬ 
ternal and internal oblique and transversus mus¬ 
cles are incised or split in the line of their fibers 
and retracted to expose the fascia transversalis 
and the peritoneum. The latter are now incised 
and the abdominal cavity is opened. The incision 
is closed in layers, with no postoperative weak¬ 
ness. 

7. Abdominothoracic incision . This is used to ex¬ 
pose the lower end of the esophagus, as, for ex¬ 
ample, in esophagogastric resection for carci¬ 
noma of this region. An upper oblique or 
paramedian abdominal incision is extended up¬ 
ward and laterally into the seventh, eighth, or 
ninth intercostal space, the costal arch is tran¬ 
sected, and the diaphragm is incised. Wide ex¬ 
posure of the upper abdomen and thorax is then 
obtained by the use of a rib-spreading retractor. 

On completion of the operation, the dia¬ 
phragm is repaired with nonabsorbable sutures, 
the costal margin is reconstructed, and the ab¬ 
dominal and thoracic wounds are closed. 


Abdominal Herniae 

A hernia is the protrusion of part of the abdominal 
contents beyond the normal confines of the ab¬ 
dominal wall (Fig. 4-31). It consists of three parts: 
the sac, the contents of the sac, and the coverings 
of the sac. The hernial sac is a diverticulum of peri¬ 
toneum and has a neck and a body. The hernial 
contents may consist of any structure found within 
the abdominal cavity and may vary from a small 
piece of omentum to a large viscus such as the kid- 
nev. The hernial coverings are formed from the lay¬ 
ers of the abdominal wall through which the her¬ 
nial sac passes. 
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Fig. 4-31. Different parts of a hernia. 


Abdominal herniae are of the following common 
types: 

1. Inguinal, which may be (a) indirect or (b) direct 

2. Femoral 

3. Umbilical, which may be (a) congenital or (b) 
acquired 

4. Epigastric 

5. Divarication of the recti abdominis 


Indirect Inguinal Hernia 

Indirect inguinal hernia is the most common form 
of hernia. The hernial sac is believed to be the re¬ 
mains of the processus vaginalis. It therefore enters 
the inguinal canal through the deep inguinal ring 
lateral to the inferior epigastric vessels (Fig. 4-32). 
It may extend part of the way along the canal or 
the full length, as far as the superficial inguinal 
ring. If the processus vaginalis has undergone no 
obliteration, then the hernia will be complete and 
will extend through the superficial inguinal ring 
down into the scrotum or labium majus. Under 
these circumstances the neck of the hernial sac will 
lie at the deep inguinal ring lateral to the inferior 


epigastric vessels, and the body of the sac will re¬ 
side in the inguinal canal and scrotum (or base of 
labium majus). 

An indirect inguinal hernia is about twenty 
times more common in males than in females, and 
nearly one-third are bilateral. It is more common 
on the right (normally, the right processus vagi¬ 
nalis becomes obliterated after the left; the right 
testis descends later than the left). It is most com¬ 
mon in children and the young adult. 


Direct Inguinal Hernia 

Direct inguinal hernia comprises about 15 percent 
of all inguinal hernias. The sac of a direct hernia 
bulges directly anteriorly through the posterior 
wall of the inguinal canal medial to the inferior epi¬ 
gastric vessels (Fig. 4-32). Because of the presence 
of the strong conjoint tendon, this hernia is usually 
nothing more than a generalized bulge, and there¬ 
fore the neck of the hernial sac is wide. 

Direct inguinal hernias are rare in women, and 
the majority are bilateral. It is a disease of old men 
with weak abdominal muscles. 

An inguinal hernia may be distinguished from a 
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peritoneum 


f neck of hernia 
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Fig. 4-32. (1) Indirect inguinal hernia and (2) direct 
inguinal hernia. Note that neck of indirect inguinal 
hernia lies lateral to inferior epigastric artery, and 
neck of direct inguinal hernia lies medial to infe¬ 
rior epigastric artery. 
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Fig. 4-33. Relation of inguinal and femoral hernial 
sacs to pubic tubercle. 

femoral hernia by the fact that the sac, as it emerges 
through the superficial inguinal ring, lies above and 
medial to the pubic tubercle, while that of a femoral 
hernia lies below and lateral to the tubercle (Fig. 
4-33). 


Femoral Hernia 

The femoral sheath is fully described on page 588. 
It is a protrusion of the fascial envelope lining the 
abdominal walls and surrounds the femoral vessels 
and lymphatics for about 1 inch (2.5 cm) below the 
inguinal ligament (Fig. 4-34). The femoral canal, 
the compartment for the lymphatics, occupies the 
medial part of the sheath. It is about Va inch (1.3 
cm) long, and its upper opening is referred to as 
the femoral ring. The femoral septum, which is a 
condensation of extraperitoneal tissue, closes the 
femoral ring. 

A femoral hernia is more common in women 
than in men (possibly due to a wider pelvis and 
femoral canal). The hernial sac passes down the 


femoral canal, pushing the femoral septum before 
it. On escaping through the lower end, it expands 
to form a swelling in the upper part of the thigh 
(Fig. 4-34). With further expansion the hernial sac 
may turn upward to cross the anterior surface of 
the inguinal ligament. 

The neck of the sac always lies below and lateral 
to the pubic tubercle (Fig. 4-33), and this serves to 
distinguish it from an inguinal hernia. The neck of 
the sac is narrow and lies at the femoral ring. The 
ring is related anteriorly to the inguinal ligament, 
posteriorly to the pectineal ligament and the pubis, 
medially to the sharp free edge of the lacunar lig¬ 
ament, and laterally to the femoral vein. Because 
of the presence of these anatomical structures, the 
neck of the sac is unable to expand. Once an ab¬ 
dominal viscus has passed through the neck into 
the body of the sac, it may be difficult to push it 
up and return it to the abdominal cavity ( irreduci¬ 
ble hernia). Furthermore, after straining or cough¬ 
ing, a piece of bowel may be forced through the 
neck and its blood vessels may be compressed by 
the femoral ring, seriously impairing its blood sup¬ 
ply ( strangulated hernia). A femoral hernia is a 
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Fig. 4-34. Femoral sheath as seen from below. Ar¬ 
row emerging from femoral canal indicates path 
taken by femoral hernial sac. Note relations of fem¬ 
oral ring. 


Umbilical Herniae 

Congenital umbilical hernia, or exomphalos (om¬ 
phalocele), is a failure of part of the midgut to re¬ 
turn to the abdominal cavity from the extraem- 
biyonic coelom during fetal life. For a diagram of 
the hernial sac and its relationship to the umbilical 
cord, see Figure 4-35. 

An acquired mfantile umbilical hernia is a small 
hernia that sometimes occurs in children and is 
due to a weakness in the scar of the umbilicus in 


dangerous disease and should always be treated 
surgically. 
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Congenita\ umbilical hernia (exomphalos) 
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Fig. 4-35. (A) Congenital umbilical hernia, (B) in¬ 
fantile umbilical hernia, (C) paraumbilical hernia, 
(D) epigastric hernia, and (E) divarication of recti 
abdominis. 


the linea alba (Fig. 4-35). The majority become 
smaller and disappear without treatment as the 
abdominal cavity enlarges. 

An acquired umbilical hernia of adults is more 
correctly referred to as a paraumbilical hernia. The 
hernial sac does not protrude through the umbili¬ 
cal scar, but through the linea alba in the region of 
the umbilicus (Fig. 4-35). Paraumbilical herniae 
gradually increase in size and hang downward. 
The neck of the sac may be narrow, but the body 
of the sac often contains coils of small and large 
intenstine and omentum. Paraumbilical herniae 
are much more common in women than in men. 
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Epigastric Hernia 

Epigastric hernia occurs through the widest part of 
the linea alba, anywhere between the xiphoid pro¬ 
cess and the umbilicus. It is usually small in size 
and starts off as a small protrusion of extraperito- 
neal fat between the fibers of the linea alba. During 
the following months or years the fat is forced far¬ 
ther through the linea alba and eventually drags 
behind it a small peritoneal sac. The body of the 
sac often contains a small piece of greater omen¬ 
tum. It is common in middle-aged laborers. 


Divarication of the Recti Abdominis 

Divarication of the recti abdominis occurs in el- 
derlv multiparous women with weak abdominal 
muscles (Fig. 4-35). In this condition, the aponeu¬ 
roses forming the rectus sheath become excessively 
stretched. When the patient coughs or strains the 
recti separate widely, and a large hernial sac, con¬ 
taining abdominal viscera, bulges forward be¬ 
tween the medial margins of the recti. This may be 
corrected bv wearing a suitable abdominal belt. 


Paracentesis of the Abdomen 

Paracentesis of the abdomen may be necessary to 
withdraw excessive collections of peritoneal fluid. 
Under a local anesthetic, a wide-bore trocar and 
cannula are inserted through the anterior abdom¬ 
inal wall. The underlying coils of intestine are not 
damaged, since they are mobile and are pushed 
away by the cannula. 

If the cannula is inserted in the midline (Fig. 
4-36), it will pass through the following anatomi¬ 
cal structures: (1) skin, (2) superficial fascia, (3) 
deep fascia (very thin), (4) linea alba (virtually 
bloodless), (5) fascia transversalis and extraperito- 
neal fat, and (6) parietal peritoneum. 

If the cannula is inserted in the flank (Fig. 4-36) 
lateral to the inferior epigastric artery and above 
the deep circumflex artery, it will pass through the 
following: (1) skin, (2) superficial fascia, (3) deep 
fascia (very thin), (4) aponeurosis or muscle of ex¬ 
ternal oblique, (5) internal oblique muscle, (6) 
transversus muscle, (7) fascia transversalis and ex- 
traperitoneal fat, and (8) parietal peritoneum. 


Testis 

The testis develops high up on the posterior ab¬ 
dominal wall, and in late fetal life it “descends” 
behind the peritoneum, dragging its blood supply, 
nerve supply, and lymphatic drainage after it. 

A variocele is a condition in which there is elon¬ 
gation and dilatation of the veins of the pampini¬ 
form plexus. It is a common disorder, found in ad¬ 
olescents and young adults. The great majority 
occur on the left side. This is thought to be due to 
the fact that the right testicular vein joins the low- 
pressure inferior vena cava, whereas the left vein 
joins the left renal vein, in which the venous pres¬ 
sure is higher. Rarely, malignant disease of the left 
kidney may extend along the renal vein and block 
the exit of the testicular vein. A rapidly developing 
left-sided variocele should therefore always lead 
one to examine the left kidney. 

A malignant tumor of the testis spreads upward 
via the lvmph vessels to the lumbar (para-aortic) 
lymph nodes at the level of the first lumbar verte¬ 
bra. It is only later, when the tumor spreads locally 
to involve the tissues and skin of the scrotum, that 
the superficial inguinal lvmph nodes are involved. 

The process of the descent of the testis is shown 
diagrammaticallv in Figure 4-19. The testis may be 
subject to the following congenital anomalies: 

1. Anterior inversion, in which the epididymis lies 
anteriorly and the testis and the tunica vagi¬ 
nalis posteriorly. 

2. Polar inversion, in which the testis and epidid¬ 
ymis are completely inverted. 

3. Imperfect descent (cryptorchidism) 

(a) Incomplete descent (Fig. 4-37), in which 
the testis, although traveling down its nor¬ 
mal path, fails to reach the floor of the 
scrotum. It may be found within the ab¬ 
domen, within the inguinal canal, at the 
superficial inguinal ring, or high up in the 
scrotum. 

(b) Maldescent (Fig. 4-38), in which the testis 
travels down an abnormal path and fails 
to reach the scrotum. It mav be found in 
the superficial fascia of the anterior ab¬ 
dominal wall above the inguinal ligament, 
in front of the pubis, in the perineum, or 
in the thigh. 
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Fig. 4-36. Paracentesis of abdominal cavity (1) in 
flanks and (2) in midline. 

It is necessary for the testes to leave the abdom¬ 
inal cavity since the temperature there retards the 
normal process of spermatogenesis. If an incom¬ 
pletely descended testis is brought down into the 
scrotum by surgery before puberty, it will develop 
and function normally. A maldescended testis, al¬ 
though often developing normally, is very suscep¬ 
tible to traumatic injury and for this reason should 
be placed in the scrotum. Many authorities believe 
that there is a greater incidence of tumor forma¬ 
tion in testes that have not descended into the scro¬ 
tum. 


The appendix of the testis and the appendix of 
the epididymis are embryological remnants found 
at the upper poles of these organs that may become 
cystic. The appendix of the testis is derived from 
the paramesonephric ducts, and the appendix of 
the epididymis is a remnant of the mesonephric 
tubules. 


Vasectomy 

Bilateral vasectomy is a simple operation per¬ 
formed to produce infertility. Under local anes¬ 
thesia, a small incision is made in the upper part 
of the scrotal wall and the vas deferens is divided 
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Fig. 4-37. Four degrees of incomplete descent of tes¬ 
tis. (1) In abdominal cavity close to deep inguinal 
ring. (2) In inguinal canal. (3) At superficial in¬ 
guinal ring. (4) In upper part of scrotum. 


between ligatures. Spermatozoa may be present in 
the first few postoperative ejaculations, but that is 
simply an emptying process. Now only the secre¬ 
tions of the seminal vesicles and prostate constitute 
the seminal fluid, which can be ejaculated as be¬ 
fore. 


Processus Vaginalis 

The formation of the processus vaginalis and its 
passage through the lower part of the anterior ab¬ 
dominal wall with the formation of the inguinal 
canal in both sexes has been described. (See p. 
173.) Normally, the upper part becomes obliter¬ 
ated just prior to birth, and the lower part remains 
as the tunica vaginalis. 

The processus is subject to the following com¬ 
mon congenital anomalies: 

1. It may persist partially or in its entirety as a pre¬ 
formed hernial sac for an indirect inguinal her¬ 
nia (Fig. 4-39). 

2. It may become very much narrowed, but its lu¬ 
men remains in communication with the ab- 



Fig. 4-38. Four types of maldescent of testis. (1) In 
superficial fascia of anterior abdominal wall, 
above superficial inguinal ring. (2) At root of penis. 
(3) In the perineum. (4) In the thigh. 
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peritoneal cavity 




cyst 


B 



C 


Fig, 4-39, Common congenital anomalies of proces¬ 
sus vaginalis, (A) Congenital hydrocele, (B) En¬ 
cysted hydrocele of cord. (C) Preformed hernial sac 
for indirect inguinal hernia. 
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scrotal ski 
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membranous layer of 
superficial fascia 
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Fig. 4-40. Tunica vaginalis distended with fluid (hy¬ 
drocele). Lower diagram shows various anatomical 
layers traversed by a trocar and cannula when a 
hydrocele is tapped. 

dominal cavity. Peritoneal fluid will accumulate 
in it, forming a congenital hydrocele (Fig. 4-39). 
3. The upper and lower ends of the processus may 
become obliterated, leaving a small intermedi¬ 
ate cystic area referred to as an encysted hydro¬ 
cele of the cord (Fig. 4-39). 

The tunica vaginalis is closely related to the front 
and sides of the testis. It is therefore not surprising 
to find that inflammation of the testis may cause 
an accumulation of fluid within the tunica vaginal¬ 


is. This is referred to, simply, as a hydrocele (Fig. 
4-40). The great majority of hydroceles are idio¬ 
pathic. 


Tapping a Hydro cele 

To remove excess fluid from the tunica vaginalis, a 
fine trocar and cannula are inserted through the 
scrotal skin (Fig. 4-40). The following anatomical 
structures are traversed by the cannula: (1) skin, 
(2) dartos muscle and membranous layer of fascia 
(Colles 5 fascia), (3) external spermatic fascia, (4) 
cremasteric fascia, (5) internal spermatic fascia, 
and (6) parietal layer of the tunica vaginalis. 
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Fig. 4-41. Case of advanced tuberculous disease of 
thoracolumbar region of vertebral column. A psoas 
abscess is present, and there are swellings in right 
groin above and below right inguinal ligament. 


Psoas Fascia 

The psoas fascia covers the anterior surface of the 
psoas muscle and mav influence the direction 
taken bv a tuberculous abscess. Tuberculous dis¬ 


ease of the thoracolumbar region of the vertebral 
column results in the destruction of the vertebral 
bodies, with possible extension of pus laterally un¬ 
der the psoas fascia (Fig. 4-41). From there, the pus 
tracks downward, following the course of the psoas 
muscle, and appears as a swelling in the upper part 
of the thigh below the inguinal ligament. It maybe 
mistaken for a femoral hernia. 


CLINICAL PROBLEMS 

1. Following an automobile accident a 35-vear-old 
man was admitted to the hospital with a frac¬ 
ture of the tenth rib on the left side. He was 
noted to be pale, restless, and sweating, and his 
blood pressure was low. Should an examination 
of the abdomen have been made in this case? 
Which organ was most likely to have been dam¬ 
aged? 

2. A fat, flatulent 40-year-old woman complained 
of pain over the right shoulder and back. The 
pain was made worse by eating fatty foods. Her 
condition was diagnosed as inflammation of 
the gallbladder (cholecystitis). Where would 
you palpate the gallbladder? Why should a 
painful lesion under the diaphragm give rise to 
pain over the shoulder? 


Answers on page 959 

3. A patient returning from the tropics was sus¬ 
pected of having an amebic abscess of the liver. 
He had a history of amebic dysentery' 3 months 
previously. He experienced a dull, aching pain 
in the right hvpochondrium that was occasion¬ 
ally felt over the right shoulder. Where exactly 
is the right hvpochondrium? Why should he 
have pain over the right shoulder? 

4. An 8-vear-old bov was admitted to the hospital 
with a pyrexia, furred tongue, and pain in the 
right iliac region. On examination the muscles 
of the anterior abdominal wall in the lower 
right quadrant were noted to be contracted and 
rigid. A diagnosis of appendicitis with perfo¬ 
ration of the wall of the appendix was made. 
Whv were the muscles of the anterior abdomi- 
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nal wall rigid in the right iliac region? 

5. In 1930, a film actress about to embark on a 
world tour was told that she had to be vacci¬ 
nated. She insisted that her physician vaccinate 
her on the edge of the umbilicus, so that her 
admirers would not notice the scar. One week 
later she complained of painful swellings in 
both armpits and in both groins. Can you ex¬ 
plain these swellings in anatomical terms? 

6. A workman engaged on the erection of a sky¬ 
scraper in New York City lost his balance and 
fell astride a horizontal girder on the floor be¬ 
low. He was admitted to the hospital suffering 
from severe shock. He was unable to micturate 
normally and passed only a few drops of blood¬ 
stained urine. On examination, he was found 
to have extensive swelling of his perineum, 
scrotum, and penis. The lower part of the an¬ 
terior abdominal wall was also swollen, but his 
thighs were normal. Can you explain the distri¬ 
bution of the swelling in anatomical terms? 

7. Following a sudden severe blow on the anterior 
abdominal wall from the hind leg of a horse, a 
patient complained of pain and swelling be¬ 
low the umbilicus. On examination, extensive 
bruising of the skin was observed over the 
lower part of the right rectus muscle. On gentle 
palpation, a deep swelling confined to the right 
rectus sheath was felt. Given that the deep 
swelling was due to a collection of blood (he¬ 
matoma), which blood vessel was likely to have 
been ruptured? 

8. A soldier suffered a severe shrapnel wound in 
the right lumbar region. Recently, in addition 
to diminished skin sensation over the right 
lumbar region and umbilicus, he has noticed a 
bulging forward of the right side of his anterior 
abdominal wall. Can you explain these defects 
in anatomical terms? 

9. A 35-year-old man with a long history of duo¬ 
denal ulcer suddenly complained of severe epi¬ 
gastric pain. He was admitted to the hospital in 
a state of shock, and it was noticed that his an¬ 
terior abdominal wall did not move on res¬ 
piration. On examination, the abdominal 
musculature was noted to be rigid in the epi¬ 
gastrium. A perforated duodenal ulcer was di¬ 
agnosed. Can you explain why the anterior ab¬ 
dominal wall failed to move on respiration? 


Whv were the upper abdominal muscles rigid? 

10. A 9-week-old boy was admitted to hospital 
with a swelling in the right groin that extended 
down into the upper part of the scrotum. When 
he cried, the swelling enlarged. On careful pal¬ 
pation it was possible to reduce the size of the 
swelling, and this procedure was accompanied 
bv a gurgling noise. The swelling was situated 
above and medial to the pubic tubercle on the 
right side. In anatomical terms, explain what 
was wrong with the infant. 

11. A 45-year-old woman noticed a painful swell¬ 
ing in her left groin after moving some heavy 
furniture. On examination, a small tender 
swelling was noted in the left groin, situated 
below and lateral to the pubic tubercle. What 
is vour diagnosis? Give your reasons in anatom¬ 
ical terms. 

12. A 35-vear-old man was digging up a tree root 
in his garden when he experienced a dragging 
sensation in his right groin. On examination, 
the patient was found to have a swelling above 
the medial end of the right inguinal ligament, 
which expanded on coughing. On palpation, it 
was possible to reduce the size of the swelling. 
Bv exerting pressure just above and medial to 
the midpoint of the inguinal ligament, one 
could prevent the reappearance of the swelling 
when the patient coughed. What is vour diag¬ 
nosis? Whv is it possible to -prevent the reap¬ 
pearance of the swelling bv exerting pressure 
over the area indicated above? 

13. A 75-vear-old man with chronic bronchitis no¬ 
ticed that a bulge was developing in his left 
groin. On examination, an elongated swelling 
was seen above the medial end of the left in¬ 
guinal ligament. When the patient coughed, the 
swelling enlarged, but did not descend into the 
scrotum. The patient had weak abdominal 
muscles. What is the diagnosis? Why did the 
swelling enlarge when the patient coughed? 

14. A 5-vear-old girl has a small, painless swelling 
of the umbilicus. The mother notices that the 
swelling enlarges when the child strains while 
sitting on the toilet. What is the diagnosis? In 
anatomical terms, explain the defect in the an¬ 
terior abdominal wall. 

15. A laborer on a building site noticed that a 
small, tender swelling was developing in the 
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epigastrium. He first experienced the tender¬ 
ness months ago, and since then a swelling has 
appeared and is slowly increasing in size. On 
examination, a small, soft swelling about the 
size of a pea was seen in the midline just below 
the xiphoid process. It was impossible to reduce 
the size of the swelling by digital pressure. 
What is the diagnosis? Explain in anatomical 
terms how the swelling developed. 

16. A 65-year-old woman has an excessive accu¬ 
mulation of fluid within the peritoneal cavity 
(ascites) due to a malignant tumor of the right 
ovary. Her physician has decided she will be 
more comfortable if some of the fluid is 
drained off. Where would you insert the trocar 
and cannula? Name the anatomical structures 
that would be traversed by the cannula. 

17. A 6-year-old boy had no testicle present in the 
right side of his scrotum. On careful palpation, 
a deep, firm ovoid structure could be felt above 
the medial part of the inguinal ligament. What 
is the diagnosis? Is surgical treatment neces¬ 
sary? 

18. An 18-year-old boy, at a medical examination 
for admission to the army, was found to have 
no testis in the left side of the scrotum. Nothing 
abnormal could be palpated in the inguinal 
cana, but a small, firm ovoid structure could 
be felt in front of the upper part of the left 
thigh. What is the diagnosis? Is surgical treat¬ 
ment required? 

19. In a 25-year-old man, a swelling developed 
above the medial end of the right inguinal lig¬ 
ament. It was associated with a dull, aching 
pain, but it did not expand on coughing. On 
palpation, the swelling appeared to fluctuate, 
and on grasping the right testis through the 
scrotal wall and gently pulling it inferiorly, the 
swelling moved medially along the inguinal 
canal. What was the swelling? Why did it move 
with the testis? 

20. A senior medical student taking a surgical ex¬ 
amination was asked to look at a 55-year-old 
man. On examination of the abdomen, he 
found a hard, fixed mass in the midline, about 
4 inches (10 cm) in diameter, lying on the 
transpyloric plane. The patient told the student 
that he had recently lost 20 pounds and had a 
poor appetite. The student told the examiner 


that the patient was suffering from carcinoma 
of the stomach and should have an immediate 
gastrectomy. The examiner then asked the stu¬ 
dent if he had examined the patient’s scrotum, 
and the student admitted he had not. On ex¬ 
amination, the scrotum was found to contain a 
large, hard mass on the right side that was not 
tethered to the skin. The inguinal lvmph nodes 
on the right side were normal, (a) Can you ex¬ 
plain the connection between the abdominal 
swelling and the scrotal swelling? (b) Why were 
the inguinal lvmph nodes normal? 

21. A chronic alcoholic patient was told by his phy¬ 
sician that he had cirrhosis of the liver. On ex¬ 
amination of the anterior abdominal wall, the 
right lobe of the liver was felt to extend 4 fin- 
gerbreadths below the costal margin. A num¬ 
ber of superficial veins around the umbilicus 
were seen to be enlarged. What is the cause of 
the congested superficial veins? 

22. On studving a patient’s records, it was found 
that she had had a right infra-umbilical para¬ 
median incision. What are the advantages and 
disadvantages of this incision as compared 
with a pararectus incision and with a transrec¬ 
tus incision? 

23. A McBurney’s incision is often made for appen¬ 
dectomies. What are the advantages and dis¬ 
advantages of this incision? 

24. A patient suffering from tuberculosis of the left 
epididvmis was found to have an ulcer on the 
posterior wall of the scrotum. Which group of 
lymph nodes would you examine for local 
spread of the disease? 

25. A resident was asked to examine the vas defer¬ 
ens of a patient. Where would you examine the 
vas deferens, and wha((\loes a normal vas feel 
like? 

26. In a patient with a history of tuberculosis, an 
angular kyphosis of the lumbar vertebral col¬ 
umn suddenly developed. On examination, a 
swelling was found in the groin, just below the 
right inguinal ligament. On deep palpation of 
the anterior abdominal wall above the right in¬ 
guinal ligament, a further swelling could be 
felt. Digital pressure on the first swelling 
caused expansion of the second swelling and 
vice versa. What is the diagnosis? Explain the 
swelling in anatomical terms. 
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27. In a patient with a history of venereal disease, 
a large fluctuant swelling developed in front of 
the testis. From your knowledge of anatomy, 
and given that there is fluid present in the scro¬ 
tum, where in the scrotum is the fluid likely to 
collect? 

28. A 50-vcar-old man is found on examination to 
have a small cystic swelling above his left testis. 
What anatomical structure is likely to be in¬ 
volved? Can you explain the presence of this 
structure cmbrvologicallv? 


29. A 75-vcar-old man complained of a “weeping 
belly button.” Being questioned, he stated that 
he had difficulty in micturition. His physician 
informed him that he had an enlarged prostate. 
Can you explain the “weeping” anatomically 
and embrvologically? 

30. In a young man of 25 years, an enlargement of 
the pampiniform plexus on the left side sud¬ 
denly developed. The physician examined the 
scrotum and then the left kidney. Can you ex- ; 
plain why he should examine the left kidney? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the f ollow ing questions, answer: 

(a) IF (1) ONLY IS CORRECT 

(b) If (2) ONLY IS CORRECT 

(c) If ROTH (1) AND (2) ARE CORRECT, AND 

(d) If NEITHER (1) OR (2) IS CORRECT 

1. (1J The fundus of the gallbladder lies opposite 

the tip of the right ninth costal cartilage 
where the linea semilunaris crosses the 
costal margin. 

(2) The abdominal part of the aorta bifurcates 
at the level of the intcrtubercular line. 

2. (1) The spleen is situated in the left hvpochon- 

drium and its lower pole can easily be pal¬ 
pated in a normal thin adult. 

(2) The lower border of the liver can be felt 
three fingerbreadths below the costal mar¬ 
gin in a normal thin adult. 

3. (1) The costal margin is formed in front by 

the cartilages of the seventh, eighth, ninth, 
and tenth ribs. 

(2) The lower pole of the left kidney cannot be 
palpated through the anterior abdominal 
wall in the left lumbar region at the end of 
deep inspiration. 

4. (1) The transpvloric plane can be identified bv 

asking the supine patient to sit up without 
using his arms. Where the lateral border 
of the rectus muscle crosses the costal 
margin signifies the level of the plane. 

(2) The intercristal plane passes across the 
highest points on the iliac crests and lies 
on the level of the body of the third lumbar 
vertebra. 


Answers on page 984 1 

In the follow ing questions, answ er: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) and (3) only are correct 

(c) If (2) and (4) only are correct 

(d) If (4) ONLY IS CORRFXT, OR 

(e) If all are correct 

5. Which of the following statements are true 
concerning the rectus abdominis muscle? 

(1) It arises by three heads from the front of 
the symphysis pubis, the pubic crest, and 
the pubic tubercle. 

(2) It is inserted into the eighth, ninth, and 
tenth costal cartilages. 

(3) The tendinous intersections are attached 
to the posterior wall of the rectus sheath. 

(4) It is innervated by the lower six intercostal 
nerves. 

6. Which of the following statements concerning 
the function of the anterior and lateral wall 
muscles of the abdomen are true? 

(1) They laterally flex and rotate the vertebral 
column. 

(2) They assist the diaphragm during inspira¬ 
tion by relaxing. 

(3) They support and protect the abdominal 
viscera. 

(4) They assist in increasing the intra-abdom¬ 
inal pressure during micturition and def¬ 
ecation. 

7. The rectus sheath contains the following im¬ 
portant structures: 

(1) Terminal branches of lower intercostal 
nerves 
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(2) Inferior epigastric artery' 

(3) Lymph vessels 

(4) Ilioinguinal nerve 

8. The walls of the inguinal canal are formed by 
many structures that include: 

(1) Conjoint tendon 

(2) Transversus abdominis 

(3) Fascia transversalis 

(4) Lacunar ligament 

9. The weakest parts of the inguinal canal in¬ 
clude: 

(1) The roof 

(2) The deep inguinal ring 

(3) The floor 

(4) The superficial inguinal ring 

10. In the female, the inguinal canal contains the 
following structures: 

(1) Ilioinguinal nerve 

(2) Remnant of the processus vaginalis 

(3) Round ligament of the uterus 

(4) Lvmph vessels from the fundus of the 
uterus 

11. Which of the following statements concerning 
the spermatic cord are correct? 

(1) It is covered by the five layers of spermatic 
fascia. 

(2) It extends from the deep inguinal ring to 
the scrotum. 

(3) It does not contain the testicular artery. 

(4) It contains the pampiniform plexus. 


Select the best response: 

12. All the following structures are present in the 
inguinal canal in the male except the: 

(a) Internal spermatic fascia 

(b) Genital branch of the genitofemoral nerve 

(c) Testicular vessels 

(d) Deep circumflex iliac artery 

(e) Ilioinguinal nerve 

13. All the following statements concerning the 
conjoint tendon are true except: 

(a) It forms part of the posterior wall of the 
inguinal canal. 

(b) It is formed by the fusion of the aponeu¬ 
roses of the transversus abdominis and in¬ 
ternal oblique muscles. 


(c) It reinforces the superficial inguinal ring. 

(d) It is continuous with the inguinal liga¬ 
ment. 

(e) It may bulge forward in a direct inguinal 
hernia. 

14. All the following statements concerning an in¬ 
direct inguinal hernia are true except: 

(a) It is the most common form of abdominal 
hernia. 

(b) The neck of the hernial sac lies medial to 
the inferior epigastric artery. 

(c) The sac is the remains of the processus 
vaginalis. 

(d) The hernial sac can extend into the scro¬ 
tum. 

(e) At the superficail inguinal ring, the hernial 
sac will lie above and medial to the pubic 
tubercle. 

15. In order to pass a needle into the cavity of the 
tunica vaginalis in the scrotum, the following 
structures have to be pierced except: 

(a) Skin 

(b) Dartos muscle and Colles’ fascia 

(c) Tunica albuginea 

(d) Internal spermatic fascia 

(e) Cremasteric fascia 

16. The following statements are true about mus¬ 
cles forming the posterior abdominal wall ex¬ 
cept: 

(a) The psoas major muscle has a fascial 
sheath that extends down into the thigh as 
far as the lesser trochanter of the femur. 

(b) The quadratus lumborum is covered an¬ 
teriorly bv fascia that forms the lateral ar¬ 
cuate ligament. 

(c) The ilacus muscle is innervated by the 
femoral nerve. 

(d) The transversus abdominis muscle does 
form part of the posterior abdominal wall. 

(e) The diaphragm does not contribute to the 
musculature on the posterior abdominal 
wall. 

17. Below the level of the anterior superior iliac 
spine, which structure forms the posterior wall 
of the rectus sheath? 

(a) Transversus abdominis 

(b) External oblique 

(c) Internal oblique 

(d) Conjoint tendon 

(e) Transversalis fascia. 
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Match the structure on the left with an appro¬ 
priate structure listed on the right: 

18. External spermatic (a) Internal oblique 

19. Round ligament of ^ Fascia transversalis 

the uterus r , ~ , 

^ A . r (cj Gubernaculum 

20. Cremasteric iascia 

21. Internal spermatic ( d ) External oblique 
fascia 

22. Deep inguinal ring (e) None of the above 


Match the structure on the left with the appro¬ 
priate group of lymph nodes that drain the 
area listed on the right: 

23. Testis (a) Anterior axillary 

24. Skin of anterior ab- lymph nodes 

dominal wall be- ( b ) Para-aortic or lum- 

low the level of the bar lymph nodes 

umbilicus ( c ) Superficial inguinal 

25. Epididvmis ( ... p°f eS , ... , 

r (dj External iliac nodes 

26. Skin of scrotum (e) None of the above 



5. The Abdomen: Part II 
The Abdominal Cavity 


GENERAL ARRANGEMENT OF 
THE ABDOMINAL VISCERA _ 

Liver 

The liver is a very large organ that occupies the up¬ 
per part of the abdominal cavity (Figs. 5-1, 5-2). It 
lies almost entirely under cover of the ribs and cos¬ 
tal cartilages in the right hypochondrium and epi¬ 
gastric regions. 


Gallbladder 

The gallbladder is a pear-shaped sac that is adher¬ 
ent to the undersurface of the right lobe of the liver; 
its blind end, or fundus, projects below the inferior 
border of the liver (Figs. 5-1, 5-2). 


Esophagus 

The esophagus is a tubular structure that joins the 
pharynx to the stomach. The esophagus pierces the 
diaphragm slightly to the left of the midline and 
after a short course of about Vz inch (1.25 cm) en¬ 


ters the stomach on its right side. It is deeply 
placed, lying behind the left lobe of the liver (Fig. 
5-1). 


Stomach 

The stomach is a dilated part of the alimentary 
canal between the esophagus and the small intes¬ 
tine (Figs. 5-1, 5-2). It occupies the left hypochon¬ 
driac, epigastric, and umbilical regions and much 
of it lies under cover of the ribs. Its long axis passes 
downward and forward to the right and then back¬ 
ward and slightly upward. 


Small Intestine 

The small intestine is divided into three regions: 
duodenum, jejunum, and ileum. The duodenum is 
the first part of the small intestine and most of it 
is deeply placed on the posterior abdominal wall. 
It is situated in the epigastric and umbilical re¬ 
gions. It is a C-shaped tube that extends from the 
stomach around the head of the pancreas to join 
the jejunum (Fig. 5-1). About halfway down its 
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Fig. 5-1. General arrangement of abdominal vis¬ 
cera. 


















General Arrangement Of The Abdominal Viscera 205 



Fig. 5-2. Abdominal organs in situ. Note that 
greater omentum hangs down in front of small and 
large intestines. 


length it receives the bile and the pancreatic ducts. 

The jejunum and ileum measure about 20 feet 
(6 m) long, the upper two-fifths of this length 
being the jejunum. The jejunum begins at the duo¬ 
denojejunal junction, and the ilium ends at the il¬ 
eocecal junction (Fig. 5-1). The coils of jejunum oc¬ 
cupy the upper left part of the abdominal cavity, 
while the ileum tends to occupy the lower right 
part of the abdominal cavity and the pelvic cavity 
(Fig. 5-3). 


Large Intestine 

The large intestine is divided into the cecum, the 
vermiform appendix, the ascending colon, the 


transverse colon, the descending colon, the sigmoid 
(pelvic) colon, the rectum, and the anal canal (Fig. 
5-1). The large intestine arches around and en¬ 
closes the coils of the small intestine (Fig. 5-3). It 
tends to be more fixed than the small intestine. 

The cecum is a blind-ended sac that projects 
downward in the right iliac region below the il¬ 
eocecal junction (Figs. 5-1, 5-3). The vermiform ap¬ 
pendix' is a worm-shaped tube that arises from its 
medial side (Fig. 5-1). 

The ascending colon extends upward from the 
cecum to the inferior surface of the right lobe of 
the liver occupying the right iliac and right lumbar 
regions (Figs. 5-1, 5-3). On reaching the liver it 
bends to the left, forming the right colic (hepatic) 
flexure. 

The transverse colon crosses the abdomen in the 
umbilical region from the right colic flexure to the 
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Fig. 5-3. Abdominal contents after greater omen¬ 
tum has been reflected upward. Coils of small in¬ 
testine occupy central part of abdominal cavity, 
w hile ascending, transverse, and descending parts 
of colon are located at periphery. 

left colic flexure (Figs. 5-1, 5-3). It forms a wide 
U-shaped curve. In the erect position, the lower 
part of the U may extend down into the pelvis. The 
transverse colon, on reaching the region of the 
spleen, bends downward, forming the left colic 
(splenic) flexure to become the descending colon. 

The descending colon extends from the left colic 
flexure to the pelvic inlet below (Fig. 5-1, 5-3). It 
occupies the left lumbar and iliac regions. 

The sigmoid colon begins at the pelvic inlet, 


where it is a continuation of descending colon (Fig. 
5-1). It hangs down into the pelvic cavity in the 
form of a loop. It joins the rectum in front of the 
sacrum. 

The rectum occupies the posterior part of the pel¬ 
vic cavity (Fig. 5-1). It is continuous above with the 
sigmoid colon and descends in front of the sacrum 
to leave the pelvis by piercing the pelvic floor. Here 
it becomes continuous with the anal canal in the 
perineum. 


Pancreas 

The pancreas is a soft, lobulated organ that 
stretches obliquely across the posterior abdominal 
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wall in the epigastric region (Fig. 5-1). It is situated 
behind the stomaeh, and it extends from the duo¬ 
denum to the spleen. 


Spleen 

The spleen is a soft, friable mass of lvmphatie tis¬ 
sue that occupies the left upper part of the abdo¬ 
men between the stomaeh and the diaphragm (Fig. 
5-1). It lies in the left hypochondriac region along 
the long axis of the tenth left rib. 


Kidneys 

The kidneys are two reddish-brown organs situated 
high up on the posterior abdominal wall, one on 
each side of the vertebral column (Fig. 5-1). The 
left kidney lies slightly higher than the right. Each 
kidney gives rise to a ureter that runs vertically 
downward on the psoas musele. 


Suprarenal Glands 

The suprarenal glands are two yellowish organs 
that lie on the upper poles of the kidneys (Fig. 5- 
12) on the posterior abdominal wall. 


THE PERITONEUM 

The peritoneum is a thin serous membrane lining 
the walls of the abdominal and pelvie eavities and 
clothing the abdominal and pelvic viseera. It re¬ 
sembles the pleura, though it is arranged in a more 
complex manner. The parietal peritoneum lines the 
walls of the abdominal and pelvie eavities, and the 
visceral peritoneum eovers the organs. The perito¬ 
neum seeretes a small amount of serous fluid, 
which lubrieates the surfaces of the peritoneum 
and facilitates free movement between the viseera. 
Between the parietal peritoneum and the faseial 
lining of the abdominal and pelvie walls is a layer 
of eonneetive tissue ealled the extraperitoneal tis¬ 
sue. It varies in amount in different regions and in 
the area of the kidneys contains a large amount of 
fat. The viseeral peritoneum is closely bound to the 
under lying viseus by only a small amount of con¬ 
nective tissue. 

The potential spaee between the parietal and vis¬ 
eeral layers of peritoneum is ealled the peritoneal 


cavit}>. In the male this is a closed cavity, but in the 
female there is a communication with the exterior 
through the uterine tubes, the uterus, and the va- 
gina. 

The peritoneal cavity may be divided into two 
parts, the greater sac and the lesser sae (Figs. 5-4, 
5-5 and 5-6). The gi'eater sac is the main compart¬ 
ment of the peritoneal eavitv and extends across 
the whole breadth of the abdomen, and from the 
diaphragm to the pelvis. The lesser sac is the 
smaller compartment and lies behind the stomaeh; 
as a divcrtieulum from the greater sae, it opens 
through an oval window ealled the opening of the 
lesser sac, or the epiploic foramen (Figs. 5-5 and 
5-7). 

An organ is said to be retroperitoneal if it lies 
behind the peritoneal eavitv. This means that the 
organ is eovered only in the front by peritoneum. 
Examples of retroperitoneal organs are the pan- 
ereas, duodenum, ascending eolon, and descending 
eolon. The kidneys, ureters, inferior vena eava, and 
aorta are further examples. 

The following specialized areas of the perito¬ 
neum should be understood (Fig. 5-4). 

1. A mesentery, whieh is a two-lavered fold of peri¬ 
toneum that attaches part of the intestines to the 
posterior abdominal wall, and includes the mes- 
enteiy of the small intestine, the transverse me¬ 
socolon, and the sigmoid mesocolon. A mesentery 
permits the intestine to be very mobile within 
the abdominal eavitv. 

2. An omentum, whieh is a two-lavered fold of peri¬ 
toneum that attaches the stomach to another 
viseus. The greater omentum is attached to the 
greater curvature of the stomach and hangs 
down like an apron in the spaee between the 
eoils of small intestine and the anterior abdom¬ 
inal wall (Fig. 5-2). It is folded baek on itself and 
is attached to the inferior border of the trans¬ 
verse eolon. The lesser omentum slings the lesser 
eurvature of the stomaeh to the undersurfaee of 
the liver. The gastrosplenic omentum (ligament) 
eonneets the stomaeh to the spleen. 

3. The peritoneal ligaments, whieh are two-lavered 
folds of peritoneum that attaeh the lesser mobile 
solid viseera to the abdominal walls. (They do 
not possess the dense fibrous tissue seen in liga¬ 
ments associated with bones.) The liver, for ex¬ 
ample, is attached by the falciform ligament to 
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Fig. 5-4. Mesentery of small intestine, omenta, and 
falciform ligament. Note that right edge of greater 
omentum has been cut to show layers of perito¬ 
neum. 
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Fig. 5-5, Transverse sections of abdomen, showing 
arrangement of peritoneum. Arrow in lower dia¬ 
gram indicates position of opening of lesser sac. 
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diaphragm 



Fig. 5-6. Sagittal section of female abdomen, show¬ 
ing arrangement of peritoneum. 

the anterior abdominal wall and to the under¬ 
surface of the diaphragm. 

The mesenteries, omenta, and peritoneal liga¬ 
ments allow blood vessels, lymphatics, and nerves 
to reach the various viscera/ 

To understand the attachments of the peritoneal 
ligaments, mesenteries, and so on, it is advisable to 
trace the peritoneum around the abdominal cavity, 
first in a transverse direction and then in a vertical 
direction. 
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inferior vena cava 


porta hepatis 
caudate lobe 


entrance to lesser sac 
[epiploic foramen] 


hepatic artery 


portal vein 


first part of duodenum 


Fig. 5-7. Sagittal section through entrance into 
lesser sac, showing important structures that form 
boundaries to opening. 


Transverse Section of the Abdomen 
Through the Fourth Lumbar Vertebra 

The parietal peritoneum lining the anterior ab¬ 
dominal wall below the umbilicus is smooth, apart 
from the low ridges produced by the median um¬ 
bilical ligament (the urachus, the remains of the 
fetal allantois, which passes from the apex of the 
bladder to the umbilicus) and the lateral umbilical 
ligaments (the obliterated umbilical arteries, 
which pass from the internal iliac arteries to the 
umbilicus) (Fig. 5-5). 

The parietal peritoneum passes onto the poste¬ 
rior abdominal wall and becomes continuous with 
the visceral peritoneum covering the sides and an¬ 
terior surfaces of the ascending colon and descend¬ 
ing colon (Fig. 5-5). In the region of the aorta and 
inferior vena cava, the parietal peritoneum be¬ 
comes continuous with the mesentery of the small 


intestine. Note the right and left paracolic grooves, 
or gutters, which lie lateral and medial to the as¬ 
cending colon and the descending colon, respec¬ 
tively (Fig. 5-5). Note also that the peritoneum 
forms a continuous layer that may be traced 
around the abdominal cavity without interruption. 


Transverse Section of Abdomen 
Through the Twelfth Thoracic 
Vertebra 

The parietal peritoneum lining the anterior ab¬ 
dominal wall forms a sickle-shaped fold called the 
falciform ligament (Figs. 5-2 and 5-4). This con¬ 
nects the anterior surface of the liver to the anterior 
abdominal wall above the umbilicus and to the 
diaphragm. It lies slightly to the right of the mid¬ 
line (Fig. 5-5). In the free border of the ligament, 
where the two layers of peritoneum are continuous 
with each other, lies the ligamentum teres (Figs. 
5-2 and 5-4). This is the obliterated umbilical vein 
of the fetus, which passes upward to enter the 
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groove between the cjuadrate lobe and the left lobe 
of the liven 

If the parietal peritoneum is followed around the 
abdominal wall on the left side, it reaches the lat¬ 
eral margin of the left kidney (Fig. 5-5). Here, it 
becomes continuous with the visceral peritoneum 
covering the lateral margin and part of the anterior 
surface of the left kidney. The peritoneum then 
leaves the kidney and passes to the hilus of the 
spleen as the posterior layer of the lienorenal liga¬ 
ment. The visceral peritoneum covers the spleen 
and, on reaching the hilus again, is reflected onto 
the greater curvature of the stomach as the anterior 
layer of the gastrosplenic omentum (ligament). The 
visceral peritoneum covers the anterior surface of 
the stomach and leaves the lesser curvature to form 
the anterior layer of the lesser omentum (Fig. 5-5). 
On the right, the lesser omentum has a free border, 
and here the peritoneum folds around the bile duct , 
hepatic artery , and portal vein . The free border of 
the lesser omentum forms the anterior margin of 
the opening into the lesser sac (Figs. 5-5 and 5-7). 

The peritoneum forms the posterior layer of the 
lesser omentum and becomes continuous with the 
visceral layer of peritoneum covering the posterior 
wall of the stomach. Note that the peritoneum here 
forms the anterior wall of the lesser sac (Fig. 5-5). 
At the greater curvature of the stomach, the peri¬ 
toneum leaves the stomach, forming the posterior 
laver of the gastrosplenic omentum (ligament) and 
reaches the hilus of the spleen. Here, it is reflected 
backward to the posterior abdominal wall, form¬ 
ing the anterior layer of the lienorenal ligament. 
The peritoneum now covers the anterior surface of 
the pancreas, the aorta, and the inferior vena cava, 
forming the posterior wall of the lesser sac (Fig. 
5-5). The peritoneum passes onto the anterior sur¬ 
face of the right kidney and sweeps around the lat¬ 
eral abdominal wall to reach the anterior abdom¬ 
inal wall. Once again, note that the peritoneum 
forms a continuous laver around the abdomen 
(Fig. 5-5). 


Sagittal Section of the Abdomen 
and Pelvis 

The parietal peritoneum lining the anterior ab¬ 
dominal wall may be traced upward to the left of 
the falciform ligament to reach the undersurface 
of the diaphragm (Fig. 5-6). Here, it is reflected 


onto the upper surface of the liver as the anterior 
layer of the left triangular ligament. The visceral 
peritoneum then covers the anterior and inferior 
surfaces of the liver until it reaches the porta he- 
patis . Here, the peritoneum passes to the lesser cur¬ 
vature of the stomach as the anterior layer of the 
lesser omentum. Having covered the anterior sur¬ 
face of the stomach, the peritoneum leaves the 
greater curvature forming the anterior layer of the 
greater omentum (Figs. 5-2 and 5-6). 

The greater omentum hangs down as a fold in 
front of the coils of intestine and contains within it 
the lower part of the lesser sac. Having reached the 
lowest limit of the greater omentum, the perito¬ 
neum folds upward and forms the posterior layer 
of the greater omentum. On reaching the inferior 
border of the transverse colon (Figs. 5-3 and 5-6), 
the peritoneum covers its posterior surface and 
then leaves the colon to form the posterior layer of 
the transverse mesocolon . The peritoneum then 
passes to the anterior border of the pancreas and 
runs downward anterior to the third part of the 
duodenum (Fig. 5-6). 

The peritoneum now leaves the posterior ab¬ 
dominal wall as the anterior layer of the mesentery 
of the small intestine . The visceral peritoneum cov¬ 
ers the jejunum and then forms the posterior layer 
of the mesenterv. On returning to the posterior ab¬ 
dominal wall, the peritoneum runs downward into 
the pelvis and covers the anterior surface of the up¬ 
per part of the rectum (Fig. 5-6). From here, it is 
reflected onto the posterior surface of the upper 
part of the vagina, forming the important recto¬ 
uterine pouch (pouch of Douglas). In the male the 
peritoneum is reflected onto the upper part of the 
posterior surface of the bladder and the seminal 
vesicles, forming the rectovesical pouch. 

The peritoneum passes over the upper surface of 
the uterus in the female and is reflected from its 
anterior surface onto the upper surface of the blad¬ 
der (Fig. 5-6). In both sexes the peritoneum passes 
from the bladder onto the anterior abdominal 
wall. 


Peritoneal Pouches or Fossae 

LESSER SAC 

The lesser sac is an extensive peritoneal pouch sit¬ 
uated behind the lesser omentum and stomach and 
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Fig. 5-8. Peritoneal fossae that may be present in 
region of duodenojejunal junction. Note presence 
of inferior mesenteric vein in peritoneal fold, form¬ 
ing paraduodenal fossa. 

lying in front of structures situated on the posterior 
abdominal wall (Figs. 5-5, 5-6, and 5-13). It pro¬ 
jects upward as far as the diaphragm and down¬ 
ward between the layers of the greater omentum. 
The lower part of the lesser sac is often obliterated 
by the adherence of the anterior layers of the 
greater omentum to the posterior layers. Its left 
margin is formed bv the spleen (Fig. 5-13) and the 
gastrosplenic omentum and lienorenal ligaments; 
below it is formed by the left free border of the 
greater omentum (Fig. 5-5). The right margin of 
the sac opens into the greater sac, i.e., the main 
part of the peritoneal cavity, through the opening 
of the lesser sac, or epiploic foramen. Below the 
opening the right margin is formed by the right 
free border of the greater omentum. 

The opening into the lesser sac (epiploic fora¬ 
men) has the following boundaries (Fig. 5-7). 


Anteriorly 

The free border of the lesser omentum, containing 
the bile duct, the hepatic artery, and the portal vein 
(Fig. 5-13). Note that the bile duct lies to the right 
and in front; the hepatic artery lies to the left and 
in front; and the portal vein lies posteriorly (Figs. 
5-5 and 5-13). 


Posteriorly 

The inferior vena cava. 


Superiorly 

The caudate process of the caudate lobe of the liver. 


Inferiorlv 

The first part of the duodenum. 


DUODENAL FOSSAE_ 

In the region of the duodenojejunal junction there 
may be four small pocket-like pouches of perito¬ 
neum (Fig. 5-8). The mouths of the superior duo¬ 
denal, inferior duodenal, and paraduodenal fossae 
face each other, but the mouth of the retroduo- 
denal fossa docs not face the others. The inferior 
mesenteric vein often runs in the free margin of the 
paraduodenal fossa. Commonly, only one or two of 
these fossae are present. 


CECAL FOSSAE_ 

The presence of folds of peritoneum in the vicinity 
of the cecum creates three peritoneal fossae: the 
superior ileocecal, the inferior ileocecal, and the ret¬ 
rocecal fossae (Fig. 5-9). 
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falciform ligament 



Fig. 5-10. Normal direction of flow of peritoneal 
fluid from different parts of peritoneal cavity to 
subphrenic spaces. 


INTERSIGMOID FOSSA 

The intersigmoid fossa is situated at the apex of the 
inverted, V-shaped root of the sigmoid mesocolon 
(Fig. 5-9). Its mouth opens downward and lies in 
front of the left ureter. 

The important pelvic peritoneal fossae are de¬ 
scribed on pages 343 and 353. 


SUBPHRENIC SPACES 

The existence of the intraperitoneal subphrenic 
spaces is due to the complicated arrangement of 
the peritoneum in the region of the liver. The right 
and left anterior subphrenic spaces lie between the 


diaphragm and the liver, one on each side of the 
falciform ligament (Fig. 5-10). The right posterior 
subphrenic space lies between the right lobe of the 
liver, the right kidney, and the right colic flexure 
(Fig. 5-65). The right extraperitoneal space lies be¬ 
tween the layers of the coronary ligament and is 
therefore situated between the liver and the dia¬ 
phragm. (See p. 244.) 


PARACOLIC GUTTERS 

The arrangement of the ascending colon and de¬ 
scending colon, the attachments of the transverse 
mesocolon and the mesentery of the small intestine 
to the posterior abdominal wall, result in the for¬ 
mation of four important paracolic gutters (Figs. 
5-5 and 5-10). These gutters lie on the lateral and 
medial sides of the ascending and descending co- 
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Ions, respectively. It is interesting to note that the 
right medial paracolic gutter is closed off from the 
pelvic cavity interiorly bv the mesentery of the 
small intestine, while the others are in free com¬ 
munication until the pelvic cavity. The right lateral 
paracolic gutter is in communication with the right 
posterior subphrenic space; but the left lateral gut¬ 
ter is separated from the area around the spleen by 
the phrenicocolic ligament, a fold of peritoneum 
that passes from the left colic flexure to the dia¬ 
phragm. 


Nerve Supply of the Peritoneum 

The parietal peritoneum is sensitive to pain, tem¬ 
perature, touch, and pressure. The parietal perito¬ 
neum lining the anterior and lateral abdominal 
walls is supplied by the lower six thoracic and first 
lumbar nerves, i.e., the same nerves that innervate 
the overlying muscles and skin. The central part of 
the diaphragmatic peritoneum is supplied by the 
phrenic nerves; peripherally, the diaphragmatic 
peritoneum is supplied by the lower slx thoracic 
nerves. The parietal peritoneum in the pelvis is 
mainly supplied bv the obturator nerve. 

The visceral peritoneum is sensitive to stretch 
and is supplied bv autonomic afferent nerves. 
Overdistention of a viscus will lead to the sensation 
of pain. The mesenteries of the small and large in¬ 
testines are sensitive to mechanical stretching. 


Function of the Peritoneum 

The peritoneal fluid, which is pale vellow in color 
and somewhat viscid, contains leukocytes. It is se¬ 
creted by the peritoneum and ensures that the mo¬ 
bile viscera glide easily upon one another. As the 
result of the movements of the diaphragm and the 
abdominal muscles, together with the peristaltic 
movements of the intestinal tract, the peritoneal 
fluid is not static. Experimental evidence has 
shown that particulate matter introduced into the 
lower part of the peritoneal cavity reaches the sub- 
phrenic peritoneal spaces very rapidly? whatever 
the position of the body. It seems that there is a 
continuous intraperitoneal movement of fluid to¬ 
ward the diaphragm (Fig. 5-10), and there it is 
quickly absorbed into the subperitoneal lymphatic 
capillaries. 

This can be explained on the basis that the area 


of peritoneum is very extensive in the region of the 
diaphragm and the respiratory movements of the 
diaphragm aid lymph flow in the lymph vessels. 

The peritoneal coverings of the intestine tend to 
stick together in the presence of infection. The 
greater omentum, which is kept constantly on the 
move bv the peristalsis of the neighboring intes¬ 
tinal tract, may adhere to other peritoneal surfaces 
around a focus of infection. In this manner, many 
of the intraperitoneal infections are sealed off and 
remain localized. 

The peritoneal folds play an important part in 
suspending the various organs within the perito¬ 
neal cavity and serve as a means of conveying the 
blood vessels, lymphatics, and nerves to these or¬ 
gans. 

Large amounts of fat are stored in the peritoneal 
ligaments and mesenteries, and especially large 
amounts mav be found in the greater omentum. 


THE GASTROINTESTINAL 
TRACT 

Abdominal Part of the Esophagus 

The esophagus is a muscular collapsible tube about 
10 inches (25 cm) long that joins the pharynx to 
the stomach. The greater part of the esophagus lies 
within the thorax. (See p. 121.) The esophagus en¬ 
ters the abdomen through an opening in the right 
crus of the diaphragm (Fig. 5-12). After a course of 
about V 2 inch (1.25 cm), it enters the stomach on 
its right side. It is covered on its anterior and lateral 
surfaces by peritoneum. The esophagus is related 
anteriorly to the posterior surface of the left lobe of 
the liver and posteriorly to the left crus of the dia¬ 
phragm. The left and right vagi lie on its anterior 
and posterior surfaces, respectively. 

The blood supply, nerve supply, and lymphatic 
drainage of the lower part of the esophagus is 
the same as that for the stomach. (For details, see 

p. 220.) 

The function of the esophagus is to conduct food 
from the pharynx into the stomach. Wavelike con¬ 
tractions of the muscular coat, called peristalsis, 
propel the food onward. Although no anatomical 
sphincter exists at the lower end of the esophagus, 
there is no doubt that the circular coat of smooth 
muscle in this region serves physiologically as a 
sphincter. As the food descends through the esoph- 
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Fig. 5-11. Stomach, showing different parts, muscu¬ 
lar coats, and mucosal lining. Note increased thick¬ 
ness of circular muscle forming pyloric sphincter. 
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Fig. 5-12. Structures situated on posterior abdomi¬ 
nal wall behind stomach. 

agus, relaxation of the muscle at the lower end oc¬ 
curs ahead of the peristaltic wave, so that the food 
enters the stomach. The tonic contraction of this 
so-called physiological gastroesophageal sphincter 
prevents the stomach contents from regurgitating 
into the esophagus. 


Stomach 

The stomach is a dilated portion of the alimentary 
canal and has three main functions: (1) storage of 
food; in the adult it has a capacity of about 1,500 
ml; (2) mixes the food with gastric secretions to 
form a semifluid chyme; and (3) controls the rate 
of delivery of the chyme to the small intestine so 
that efficient digestion and absorption can take 
place. 

The stomach is situated in the upper part of the 


abdomen, extending from the left hypochondriac 
region into the epigastric and umbilical regions. 
Much of the stomach lies under cover of the lower 
ribs. It is roughly J-shaped and has two openings, 
the cardiac and pyloric orifices , two curvatures 
known as the greater and lesser curvatures, and two 
surfaces, an anterior and a posterior surface (Fig. 
5-11). 

The stomach is relatively fixed at both ends, but 
is very mobile in between. It tends to be high and 
transversely arranged in the short, obese person 
(steer-horn stomach) and elongated vertically in 
the tall, thin person (J-shaped stomach). Its shape 
undergoes considerable variation in the same per¬ 
son and depends on the volume of its contents, the 
position of the body, and the phase of respiration. 

For purposes of description it is usual to divide 
the stomach (Fig. 5-11) into the following parts; 
The fundus is dome-shaped and projects upward 
and to the left of the cardiac orifice. It is usually 
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Fig. 5-13. Lesser sac, showing arrangement of peri¬ 
toneum in formation of lesser omentum, gastro¬ 
splenic omentum, and lienorenal ligament. Arrow 
indicates position of opening of lesser sac. 

full of gas. The body extends from the level of the 
cardiac orifice to the level of the incisura angularis, 
a constant notch in the lower part of the lesser cur¬ 
vature. The pyloric antrum extends from the inci¬ 
sura angularis to the proximal limit of the pylorus. 
The pylorus is the most tubular part of the stom¬ 
ach. Its thick muscular wall forms the pyloric 
sphincter. The cavity of the pylorus is called the py¬ 
loric canal. 

The lesser curvature forms the right border of the 
stomach and extends from the cardiac orifice to the 
pylorus (Fig. 5-11). The lesser omentum extends 
from the lesser curvature to the liver. The greater 
curvature is much longer than the lesser curvature 
and extends from the left of the cardiac orifice, 


over the dome of the fundus, and then sweeps 
around and to the right to the inferior part of the 
pylorus (Fig. 5-11). The gastrosplenic omentum 
(ligament) extends from the upper part of the 
greater curvature to the spleen, and the greater 
omentum extends from the lower part of the 
greater curvature to the transverse colon (Fig. 
5-13). 

The cardiac orifice is where the abdominal part 
of the esophagus enters the stomach (Fig. 5-11). 
Although no anatomical sphincter can be demon¬ 
strated here, there is little doubt that a physiologi¬ 
cal mechanism exists that prevents regurgitation of 
stomach contents into the esophagus. See page 218. 

The pyloric orifice is formed by the pyloric canal, 
which is about 1 inch (2.5 cm) long. The circular 
muscle coat of the stomach is much thicker here 
and forms the anatomical and physiological pyloric 
sphincter (Fig. 5-11). The pylorus lies on the trans- 
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pyloric plane, and its position can be recognized by 
a slight constriction on the surface of the stomach. 
The pyloric sphincter controls the rate of discharge 
of the stomach contents into the duodenum. 

The mucous membrane of the stomach is thick 
and vascular and is thrown into numerous folds, or 
rugae, that are mainly longitudinal in direction 
(Fig. 5-11). The folds flatten out when the stomach 
is distended. 

The muscular wall of the stomach contains (1) 
longitudinal fibers, (2) circular fibers, and (3) 
oblique fibers (Fig. 5-11). The longitudinal fibers 
are the most superficial and are most concentrated 
along the curvatures. The inner circular fibers en¬ 
circle the body of the stomach and are greatly 
thickened at the pylorus to form the pyloric sphinc¬ 
ter. Very few circular fibers are found in the region 
of the fundus. The oblique fibers form the inner¬ 
most muscle coat. They loop over the fundus and 
pass down along the anterior and posterior walls, 
running parallel with the lesser curvature. 

The peritoneum completely surrounds the stom¬ 
ach and leaves its curvatures as double layers, 
which are known as the omenta. 


RELATIONS OF THE STOMACH 
Anteriorly 

The anterior abdominal wall, the left costal mar¬ 
gin, the left pleura and lung, the diaphragm, and 
the left lobe of the liver (Figs. 5-2 and 5-6). 


Posteriorly 

The lesser sac, the diaphragm, the spleen, the left 
suprarenal gland, the upper part of the left kidney, 
the splenic artery, the pancreas, the transverse me¬ 
socolon, and the transverse colon (Fi£s. 5-6, 5-12, 
and 5-13). 


BLOOD SUPPLY OF THE STOMACH 

Arterial Supply to the Stomach 

These are derived from the branches of the celiac 
artery (Fig. 5-14). 

The left gastric artery arises from the celiac ar¬ 
tery. It passes upward and to the left to reach the 
esophagus and then descends along the lesser cur¬ 
vature of the stomach. It supplies the lower third 


of the esophagus and the upper right part of the 
stomach. 

The right gastric artery arises from the hepatic 
artery at the upper border of the pylorus and runs 
to the left along the lesser curvature. It supplies the 
lower right part of the stomach. 

The short gastric arteries arise from the splenic 
artery at the hilus of the spleen and pass forward 
in the gastrosplenic omentum (ligament) to supply 
the fundus. 

The left gastroepiploic artery arises from the 
splenic arteiy at the hilus of the spleen and passes 
forward in the gastrosplenic omentum (ligament) 
to supply the stomach along the upper part of the 
greater curvature. 

The right gastroepiploic artery arises from the 
gastroduodenal branch of the hepatic artery. It 
passes to the left and supplies the stomach along 
the lower part of the greater curvature. 


Veins of the Stomach 

These drain into the portal circulation (Fig. 5-29). 
The left and right gastric veins drain directly into 
the portal vein. The short gastric veins and the left 
gastroepiploic veins join the splenic vein. The right 
gastroepiploic vein joins the superior mesenteric 
vein. 


LYMPHATIC DRAINAGE OF THE 

STOMACH 

The lymph vessels of the stomach (Fig. 5-15) follow 

the arteries and are arranged in four main groups: 

1. Those that drain into lymph nodes along the left 
gastric vessels. The efferents from these nodes 
pass to the celiac nodes, which surround the or¬ 
igin of the celiac artery. 

2. Those that drain into lvmph nodes along the 
right gastric vessels. The efferents from these 
nodes pass to nodes along the hepatic artery and 
then to the celiac nodes. 

3. Those that drain into nodes along the short gas¬ 
tric arteries and the left gastroepiploic arteiy 
and then drain into lymph nodes at the hilus of 
the spleen. From there, they pass to pancreati- 
cosplenic nodes along the splenic arteiy, which 
in turn drain into the celiac nodes. 

4. Those that drain into the right gastroepiploic 
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Fig. 5-14. Arteries that supply stomach. Note that 
all the arteries are derived from branches of celiac 
artery. 

nodes, which lie along the lower part of the 
greater curvature of the stomach. The efferent 
lymph vessels join nodes along the gastroduo¬ 
denal artery, which, in turn, drain to the celiac 
nodes. 

It is thus seen that all the gastric lymph vessels 
drain ultimately into the celiac lymph nodes (Fig. 
5-15). 


NERVE SUPPLY OF THE STOMACH 

The nerves of the stomach are derived from the ce¬ 
liac sympathetic plexus and from the right and left 
vagus nerves (Fig. 5-16). 

The anterior vagal trunk, which is formed in the 
thorax mainly from the left vagus nerve, enters the 
abdomen on the anterior surface of the esophagus. 


The trunk, which may be single or multiple, then 
divides into branches that supply the anterior sur¬ 
face of the stomach. A large hepatic branch passes 
up to the liver, and from this a pyloric branch 
passes down to the pylorus (Fig. 5-16). 

The posterior vagal trunk, which is formed in 
the thorax mainly from the right vagus nerve, en¬ 
ters the abdomen on the posterior surface of the 
esophagus. The trunk then divides into branches 
that supplv mainly the posterior surface of the 
stomach. A large branch passes to the celiac and 
superior mesenteric plexuses and is distributed to 
the intestine as far as the splenic flexure and to the 
pancreas (Fig. 5-16). 

The sympathetic innervation of the stomach car¬ 
ries a proportion of pain-transmitting nerve fibers, 
while the parasympathetic vagal fibers are secre- 
tomotor to the gastric glands and motor to the 
muscular wall of the stomach. The pyloric sphinc¬ 
ter receives motor fibers from the sympathetic sys¬ 
tem and inhibitory fibers form the vagi. 










lymphatics from lower third of esophagus 



Fig. 5-15. Lymphatic drainage of stomach. Note 
that all the lymph eventually passes through celiac 
huiph nodes. 



branch of the posterior vagal trunk is distributed 
with the sympathetic nerves as far down the intes¬ 
tinal tract as the left colic flexure. 
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Celiac Arteiy 

The celiac artery or trunk is very short and arises 
from the commencement of the abdominal aorta 
at the level of the twelfth thoracic vertebra. It is the 
arteiy that supplies the foregut. It is surrounded bv 
the celiac plexus and lies behind the lesser sac of 
peritoneum. It has three terminal branches, the left 
gastric, splenic, and hepatic arteries. 


LEFT GASTRIC ARTERY 

The small left gastric arteiy runs to the cardiac 
end of the stomach, gives off a few esophageal 
branches, then turns to the right along the lesser 
curvature of the stomach. It anastomoses with the 
right gastric artery. 


SPLENIC ARTERY 

The large splenic arteiy runs to the left in a waw 
course along the upper border of the pancreas and 
behind the stomach. On reaching the left kidney 
the artery enters the lienorenal ligament and runs 
to the hilus of the spleen. 


Branches 

1. Pancreatic branches. 

2. The left gcistro-epiploic artery arises near the 
hilus of the spleen and reaches the greater cur¬ 
vature of the stomach in the gastrosplenic omen¬ 
tum. It passes to the right along the greater cur¬ 
vature of the stomach between the layers of the 
greater omentum. It anastomoses with the right 
gastroepiploic artery. 

3. The short gastric arteries, five or six in number, 
arise from the end of the splenic artery and 
reach the fundus of the stomach in the gastro¬ 
splenic omentum. They anastomose with the left 
gastric arteiy and the left gastroepiploic artery. 


HEPATIC ARTERY 

The medium-sized hepatic artery* * runs forward 
and to the right and then ascends between the lay- 

*For purposes of description the hepatic artery is sometimes 
divided into the common hepatic arteiy , which extends from 
its origin to the gastroduodenal branch, and the hepatic ar¬ 
tery proper which is the remainder of the artery. 


ers of the lesser omentum. It lies in front of the 
opening into the lesser sac and is placed to the left 
of the bile duct and in front of the portal vein. At 
the porta hepatis it dirides into right and left 
branches to supply the corresponding lobes of the 
liver. 


Branches 

1. The right gastric arteiy arises from the hepatic 
artery at the upper border of the pylorus and 
runs to the left in the lesser omentum alone the 
lesser curvature of the stomach. It anastomoses 
with the left gastric artery. 

2. The gastroduodenal arteiy is a large branch that 
descends behind the first part of the duodenum. 
It dirides into the right gastroepiploic artery that 
runs along the greater curvature of the stomach 
between the layers of the greater omentum, and 
the superior pancreaticoduodenal arteiy that de¬ 
scends between the second part of the duo¬ 
denum and the head of the pancreas. 

3. The right and left hepatic arteries that enter the 
porta hepatis. The right hepatic artery usually 
gives off the c\>stic arteiy, which runs to the neck 
of the gallbladder. 


Small Intestine 

The small intestine, the longest part of the alimen- 
tarv canal, is divided into three regions: the duo¬ 
denum, the jejunum, and the ileum. The primaiy 
function of the small intestine is digestion and the 
absorption of the products of digestion. 


Duodenum 

The duodenum is a C-shaped tube about 10 inches 
(25 cm) long that joins the stomach to the jejunum. 
It is very important because it receives the openings 
of the bile and the pancreatic ducts. The duo¬ 
denum curves around the head of the pancreas 
(Fig. 5-17). The first inch (2.5 cm) of the duo¬ 
denum resembles the stomach in that it is covered 
on its anterior and posterior surfaces with perito¬ 
neum and has the lesser omentum attached to its 
upper border and the greater omentum attached 
to its lower border; the lesser sac lies behind this 
short segment. The remainder of the duodenum is 





















224 


5 . The Abdomen: Part II The Abdominal Cavity 


suprarenal glands 


inferior vena cava 
portal vein 

bile duct 

superior 

pancreaticoduodenal 

artery,^ 

right colic/ q 
flexure k , 


inferior 

pancreaticoduodenal 

artery 


neck of pancreas splenic artery 
tail of pancreas 

left colic flexure 



ascending colon 

head of pancreas 

superior mesenteric vein 


X 

AX" 

superior mesenteric artery 


Ij'-body of pancreas 
left testicular vein 

inferior mesenteric vein 

descending colon 


Fig. 5-17. Pancreas and anterior relations of 
kidneys. 

retroperitoneal, being only partially covered by 
peritoneum. 

The duodenum is situated in the epigastric and 
umbilical regions and for purposes of description 
is divided into four parts: 


FIRST PART OF THE DUODENUM 

The first part of the duodenum is 2 inches (5 cm) 
long (Figs. 5-17 and 5-18). It begins at the pylorus 
and runs upward and backward on the right side 
of the first lumbar vertebra. It thus lies on the 
transpyloric plane. 


Posteriorly 

The lesser sac (first inch only), the gastroduodenal 
artery, the bile duct and portal vein, and the infe¬ 
rior vena cava (Fig. 5-18). 


Superiorly 

The entrance into the lesser sac (the epiploic fora¬ 
men) (Figs. 5-7 and 5-13). 


Inferiorlv 

The head of the pancreas (Fig. 5-17). 


Relations 


Anteriorly 


The quadrate lobe of the liver and the gallbladder 
(Fig. 5-35). 


SECOND PART OF THE DUODENUM 

The second part of the duodenum is 3 inches (8 
cm) long. It runs vertically downward in front of 
the hilus of the right kidney on the right side of the 
second and third lumbar vertebrae (Figs. 5-17 and 
5-18). 
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Fig. 5-18. Posterior relations of duodenum and 
pancreas. 


Relations 

Anteriorly 

The fundus .of the gallbladder and the right lobe of 
the liver, the transverse colon, and the coils of the 
small intestine (Fig. 5-36). 


Posteriorly 

The hilus of the right kidney and the right ureter 
(Fig. 5-18). 


Medially 

The head of the pancreas. About halfway down its 
posteromedial aspect, the bile duct and main pan¬ 
creatic duct pierce the duodenal wall. The acces¬ 
sory pancreatic duct, if present, opens into the duo¬ 
denum a little higher up (Figs. 5-18 and 5-19). 


THIRD PART OF THE DUODENUM 

The third part of the duodenum is 3 inches (8 cm) 
long. It runs horizontally to the left on the subcos¬ 
tal plane, following the lower margin of the head 
of the pancreas (Figs. 5-17 and 5-18). 


Relations 


Laterally 

The ascending colon, the right colic flexure, and 
the right lobe of the liver (Fig. 5-18). 


Anteriorly 

The root of the mesentery of the small intestine, the 
superior mesenteric vessels contained within it, 
and coils of jejunum (Figs. 5-17 and 5-18). 
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smooth mucous membrane 
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Fig. 5-19. Entrance of bile duct and main and ac¬ 
cessory pancreatic ducts into second part of duo¬ 
denum. Note smooth lining of first part of duo¬ 
denum, plicae circulares of second part, and major 
duodenal papilla. 


Posteriorly 

The right ureter, the right psoas muscle, the infe¬ 
rior vena cava, and the aorta (Fig. 5-18). 


Superiorly 

The head of the pancreas (Fig. 5-17). 


Inferiorlv 
Coils of jejunum. 


FOURTH PART OF THE DUODENUM 

The fourth part of the duodenum is 2 inches (5 cm) 
long (Figs. 5-17 and 5-18). It runs upward and to 
the left and then turns forward at the duodenoje¬ 
junal junction. Here, a well-marked peritoneal fold, 
the ligament ofTreitz , ascends to the right crus of 
the diaphragm and holds the junction in position 
(Fig. 5-8). Note the position of the duodenal fossae. 
(See p. 213.) 


Relations 

Anteriorly 

The beginning of the root of the mesentery and 
coils of jejunum (Fig. 5-20). 


Posteriorly 

The left margin of the aorta and the medial border 
of the left psoas muscle (Fig. 5-18). 

The mucous membrane of the duodenum is 
thick. In the first part of the duodenum it is smooth 
(Fig. 5-19). In the remainder of the duodenum it is 
thrown into numerous circular folds called the pli¬ 
cae circulares. At the site where the bile duct and 
the main pancreatic duct pierce the medial wall of 
the second part, there is a small, rounded elevation 
called the major duodenal papilla (Fig. 5-19). The 
accessor}' pancreatic duct, if present, opens into the 
duodenum on a smaller papilla about % inch 
(1.9 cm) above the major duodenal papilla. 

The arterial supply of the upper half of the duo¬ 
denum is the superior pancreaticoduodenal artery, 
a branch of the gastroduodenal artery (Figs. 5-14 
and 5-17). The lower half of the duodenum is sup¬ 
plied bv the inferior pancreaticoduodenal artery, a 
branch of the superior mesenteric artery. The cor- 






























The Gastrointestinal Tract 227 


superior mesenteric artery 


ileocecal junction 



duodenojejunal junction 


root of mesentery of 
small intestine 


Fig. 5-20. Attachment of root of mesentery of small 
intestine to posterior abdominal wall. Note that it 
extends from duodenojejunal junction on left of 
aorta, downward and to right to ileocecal junction. 
Superior mesenteric artery lies in root of mesen- 
teiy. 


responding veins of the duodenum drain into the 
portal circulation, the superior vein joining the por¬ 
tal vein directly and the inferior vein joining the 
superior mesenteric vein (Fig. 5-29). The vessels lie 
between the concavity of the duodenum and the 
head of the pancreas. 

The lymph vessels of the duodenum follow the 
arteries and drain upward via pancreaticoduo¬ 
denal nodes to the gastroduodenal nodes and 
thence to the celiac nodes; and downward, via pan¬ 
creaticoduodenal nodes to the superior mesenteric 
nodes around the origin of the superior mesenteric 
arterv. 

The nerves of the duodenum are derived from 
sympathetic and parasympathetic (vagus) nerves 
from the celiac and superior mesenteric plexuses. 


Jejunum and Ileum 

The jejunum and ileum measure about 20 feet (6 
m) long, the upper two-fifths of this length being 
the jejunum. Each has distinctive features, but 
there is a gradual change from one to the other. 
The jejunum begins at the duodenojejunal junction, 
and the ileum ends at the ileocecal junction. 

The coils of jejunum and ileum are attached to 
the posterior abdominal wall bv a fan-shaped fold 
of peritoneum known as the mesentery of the small 
intestine (Fig. 5-20). The long free edge of the fold 
encloses the mobile intestine. The short root of the 
fold is continuous with the parietal peritoneum on 
the posterior abdominal wall along a line that ex¬ 
tends downward and to the right from the left side 
of the second lumbar vertebra to the region of the 
right sacroiliac joint. The root of the mesentery per¬ 
mits the entrance and exit of the branches of the 
superior mesenteric artery and vein, lymph vessels, 
and nerves into the space between the two layers 
of peritoneum forming the mesentery. 































228 5 . The Abdomen: Part II The Abdominal Cavity 



arterial arcades 
superior mesenteric artery 


arterial arcades 


thick wall 


cae circulares 


thin wall 


Peyer's patch 


smooth mucous membrane 


superior mesenteric artery 


Fig. 5-21. Some external and internal differences 
between jejunum and ileum. 


In the living the jejunum may be distinguished 
from the ileum by the following features: 

1. The jejunum lies coiled in the upper part of the 
peritoneal cavity below the left side of the trans¬ 
verse mesocolon; the ileum is in the lower part 
of the cavity and in the pelvis (Fig. 5-3). 

2. The jejunum is wider-bored, thicker-walled, and 
redder than the ileum. The jejunal wall feels 
thicker because the permanent infoldings of the 
mucous membrane, the plicae circulares, are 
larger, more numerous, and closely set in the je¬ 
junum; whereas in the upper part of the ileum 


they are smaller and more widely separated and 
in the lower part, they are absent (Fig. 5-21). 

3. The jejunal mesenteiy is attached to the poste¬ 
rior abdominal wall above and to the left of the 
aorta, whereas the ileal mesenteiy is attached 
below and to the right of the aorta. 

4. The jejunal mesenteric vessels form only one or 
two arcades, with long and infrequent branches 
passing to the intestinal wall. The ileum receives 
numerous short terminal vessels that arise from 
a series of three or four or even more arcades 
(Fig. 5-21). 

5. At the jejunal end of the mesenteiy, the fat is 
deposited near the root and is scanty near the 
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Fig. 5-22. Superior mesenteric artery and its 
branches. Note that this artery supplies gut from 
halfway down second part of duodenum to distal 
third of transverse colon (arrow). 

intestinal wall. At the ileal end of the mesentery 
the fat is deposited throughout, so that it extends 
from the root to the intestinal wall (Fig. 5-21). 

6. Aggregations of lymphoid tissue (Peyer’s 
patches) are present in the mucous membrane 
of the lower ileum along the antimesenteric bor¬ 
der (Fig. 5-21). In the living these may be visible 
through the wall of the ileum from the outside. 

The arterial supply of the jejunum and ileum is 
from branches of the superior mesenteric artery 


(Fig. 5-22). The intestinal branches arise from the 
left side of the arteiy and run in the mesentery to 
reach the gut. They anastomose with one another 
to form a series of arcades. The lowest part of the 
ileum is also supplied by the ileocolic arteiy. 

The veins of thejejunum and ileum correspond to 
the branches of the superior mesenteric arteiy and 
drain into the superior mesenteric vein (Fig. 5-29). 

The lymph vessels of the jejunum and ileum pass 
through a large number of mesenteric nodes and 
finally reach the superior mesenteric nodes, which 
are situated around the origin of the superior mes¬ 
enteric artery. 
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Fig. 5-23. Cecum and vermiform appendix. Note 
that appendicular artery is a branch of posterior 
cecal artery. Edge of mesoappendix has been cut to 
show peritoneal layers. 


The nerves of the jejunum and ileum are derived 
from the sympathetic and parasympathetic (va¬ 
gus) nerves from the superior mesenteric plexus. 


Large Intestine 

The large intestine is divided into the cecum, the 
vermiform appendix, the ascending colon, the 
transverse colon, the descending colon, and the sig¬ 
moid colon. The rectum and anal canal will be 
considered in the sections on the pelvis and peri¬ 
neum. The primary function of the large intestine 
is the absorption of water and electrolytes and the 
storage of undigested material until it can be ex¬ 
pelled from the body as feces. 


Cecum 

The cecum is that part of the large intestine that 
lies below the level of the junction of the ileum with 
the large intestine (Figs. 5-22 and 5-23). It is situ¬ 
ated in the right iliac fossa, is about 2 X A inches 
(6 cm) long, and is completely covered with peri¬ 
toneum. It possesses a considerable amount of mo¬ 
bility, although it does not have a mesentery. The 
presence of peritoneal folds in the vicinity of the 
cecum (Fig. 5-23) creates the superior ileocecal, the 
inferior ileocecal, and the retrocecal fossae. (See 
p. 213.) 

As in the colon, the longitudinal muscle is re¬ 
stricted to three flat bands, the teniae colij which 
converge on the base of the appendix and provide 
for it a complete longitudinal muscle coat (Fig 
5-23). The cecum is often distended with gas and 
can then be palpated through the anterior abdom¬ 
inal wall in the living subject. 
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Fig. 5-24. Posterior abdominal wall, showing poste¬ 
rior relations of kidneys and colon. 

The ileum enters the cecum at the junction of the 
cecum with the colon. The opening is provided 
with two folds, or lips, which form the so called 
ileocecal valve (see below). The vermiform appen¬ 
dix communicates with the cavity of the cecum 
through an opening that is located below and be¬ 
hind the ileocecal opening. 

Relations 

Anteriorly 

Coils of small intestine, sometimes part of the 
greater omentum, and the anterior abdominal wall 
in the right iliac region. 


Posteriorly 

The psoas and the iliacus muscles, the femoral 
nerve, and the lateral cutaneous nerve of the thigh 
(Fig. 5-24). The vermiform appendix is commonly 
found behind the cecum. 


Medially 

The vermiform appendix arises from the cecum on 
its medial side (Fig. 5-23). 

The arterial supply to the cecum is by way of the 
anterior and posterior cecal arteries, which are 
branches of the ileocolic artery, which is a branch 
of the superior mesenteric artery (Fig. 5-23). The 
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veins correspond to the arteries and drain into the 
superior mesenteric vein. 

The lymph vessels of the cecum pass through a 
number of mesenteric nodes and finally reach the 
superior mesenteric nodes. 

The nerves of the cecum are derived from the 
sympathetic and parasympathetic (vagus) nerves 
from the superior mesenteric plexus. 


Appendix 

The vermiform appendix is an organ containing a 
large amount of lymphoid tissue. It varies in length 
from 3 to 5 inches (8-13 cm). The base is attached 
to the posteromedial surface of the cecum about 1 
inch (2.5 cm) below the ileocecal junction (Fig. 
5-23). The remainder of the appendix is free. It has 
a complete peritoneal covering, which is attached 
to the lower layer of the mesentery of the small 
intestine to form a short mesentery of its own, the 
mesoappendix. The size of the mesoappendix is 
variable, and sometimes as much as the distal one- 
third of the appendix is devoid of a mesentery. 

The appendix lies in the right iliac region, and in 
relation to anterior abdominal wall its base is sit¬ 
uated one-third of the way up the line joining the 
right anterior superior iliac spine to the umbilicus 
(McBurneys point). Inside the abdomen the base 
of the appendix is easily found by identifying the 
teniae coli of the cecum and following them to the 
base of the appendix, where they converge to form 
a complete longitudinal muscular coat (Figs. 5-22 
and 5-23). 

The tip of the appendix is subject to a consider¬ 
able range of movement and may be found in the 
following positions: (1) hanging down into the pel¬ 
vis against the right pelvic wall; (2) coiled up be¬ 
hind the cecum in the retrocecal fossa; (3) project¬ 
ing upward along the lateral side of the cecum; (4) 
in front of or behind the terminal part of the ileum. 
The first and second positions are the commonest 
sites. 

The common congenital anomalies of the appen¬ 
dix are shown in Figure 5-32. 

The arterial supply of the appendix is by means 
of the appendicular artery, a branch of the poste¬ 
rior cecal artery (Fig. 5-23). It is often double and 
passes to the tip of the appendix in the mesoappen¬ 
dix. The appendicular vein joins the posterior cecal 
vein. 


The lymph vessels drain into one or two nodes 
lying in the mesoappendix. From there, the lymph 
passes through a number of mesenteric nodes to 
reach the superior mesenteric nodes. 

The nerves of the appendix are derived from 
sympathetic and parasympathetic (vagus) nerves 
from the superior mesenteric plexus. Afferent 
nerve fibers concerned with the conduction of vis¬ 
ceral pain from the appendix are believed to ac¬ 
company the sympathetic nerves and enter the 
spinal cord at the level of the tenth thoracic seg¬ 
ment. 


Ileocecal (Ileocolic) Valve 

The ileocecal valve is a vestigial structure situated 
at the end of the ileum at the site of junction of the 
cecum with the colon (Fig. 5-23). It consists of two 
horizontal folds of mucous membrane that project 
around the orifice of the ileum. The folds meet me¬ 
dially and laterally in single ridges, th efrenula of 
the valve. The circular and longitudinal muscle 
coats of the ileum are continued into the lips of the 
valve. The valve only partially controls the reflux of 
colic contents into the ileum. The circular muscle 
of the lower end of the ileum serves as a sphincter 
and controls the flow of contents from the ileum 
into the colon. 


Ascending Colon 

The ascending colon is about 5 inches (13 cm) long 
and lies in the right iliac region (Fig. 5-25). It ex¬ 
tends upward from the cecum to the inferior sur¬ 
face of the right lobe of the liver, where it turns 
sharply to the left, forming the right colic flexure, 
and becomes continuous with the transverse colon. 
The peritoneum covers the front and the sides of 
the ascending colon and binds it to the posterior 
abdominal wall. 


Relations 

Anteriorly 

Coils of small intestine, the greater omentum, and 
the anterior abdominal wall (Figs. 5-2 and 5-3). 
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Fig, 5-25, Abdominal cavity, showing terminal part 
of ileum, cecum, appendix, ascending colon, right 
colic flexure, left colic flexure, and descending co¬ 
lon, Note teniae coli and appendices epiploicae. 


Posteriorly 

The iliacus, the iliac crest, the quadratus lum- 
borum, the origin of the transversus abdominis 
muscle, and the lower pole of the right kidney. The 
iliohypogastric and the ilioinguinal nerves cross be¬ 
hind it (Fig. 5-24). 

The arterial supply to the ascending colon is 
from the ileocolic and right colic branches of the 
superior mesenteric artery (Fig. 5-22). The veins 


correspond to the arteries and drain into the su¬ 
perior mesenteric vein. 

The lymph vessels drain into lymph nodes lying 
along the course of the colic blood vessels and ul¬ 
timately reach the superior mesenteric nodes. 

The naves of the ascending colon are derived 
from sympathetic and parasympathetic (vagus) 
nerves from the superior mesenteric plexus. 


Transverse Colon 

The transverse colon is about 15 inches (38 cm) 
long and extends across the abdomen, occupying 
the umbilical and hypogastric regions. It begins at 
the right colic (hepatic) flexure below the right 
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lobe of the liver (Fig. 5-12) and hangs downward, 
suspended by the transverse mesocolon (Fig. 5-6). 
It then ascends to the left colic (splenic) flexure im¬ 
mediately inferior to the spleen. The left colic flex¬ 
ure is higher than the right colic flexure and is sus¬ 
pended from the diaphragm by the phrenicocolic 
ligament (Fig. 5-25). 

The transverse mesocolon is attached to the su¬ 
perior border of the transverse colon, and the pos¬ 
terior layers of the greater omentum are attached 
to the inferior border (Fig. 5-6). Because of the 
length of the transverse mesocolon, the position of 
the transverse colon is extremely variable and may 
reach the pelvis. 


Relations 

Anteriorly 

The greater omentum and the anterior abdominal 
wall (Fig. 5-6). 


Posteriorly 

The second part of the duodenum, the head of the 
pancreas, and the coils of the jejunum and ileum 
(Fig. 5-25). 

The arterial supply of the proximal two-thirds of 
the transverse colon is from the middle colic artery, 
a branch of the superior mesenteric artery (Fig. 
5-22). The distal third is supplied by the left colic 
artery, a branch of the inferior mesenteric artery 
(Fig. 5-26). The veins correspond to the arteries 
and drain into the superior and inferior mesenteric 
veins. 

The lymph vessels drain into lymph nodes lying 
along the course of the colic blood vessels. Lymph 
from the proximal two-thirds of the transverse co¬ 
lon will drain into the superior mesenteric nodes, 
while that from the region of the distal third will 
drain into the inferior mesenteric nodes. 

The nerves supplying the transverse colon are de¬ 
rived from sympathetic and vagus nerves and from 
the pelvic parasympathetic nerves. The sympa¬ 
thetic fibers pass from the superior and inferior 
mesenteric plexuses. The fibers of the vagi supply 
only the proximal two-thirds of the transverse co¬ 
lon; the distal third is supplied bv the pelvic para¬ 
sympathetic nerves. 


Descending Colon 

The descending colon is about 10 inches (25 cm) 
long and lies in the left iliac region (Fig. 5-25). It 
extends downward from the left colic flexure, to 
the pelvic brim, where it becomes continuous with 
the sigmoid colon. (For the sigmoid colon, see p. 
331.) The peritoneum covers the front and the sides 
and binds it to the posterior abdominal wall. 


Relations 

Anteriorly 

Coils of small intestine, the greater omentum, and 
the anterior abdominal wall (Figs. 5-2 and 5-3). 


Posteriorly 

The lateral border of the left kidney, the origin of 
the transversus abdominis muscle, the quadratus 
lumborum, the iliac crest, the iliacus, and the left 
psoas. The iliohvpogastric and the ilioinguinal 
nerves, the lateral cutaneous nerve of the thigh, 
and the femoral nerve (Fig. 5-24) also lie poste- 
riorlv. 

The arterial supply to the descending colon is 
from the left colic and the sigmoid (inferior left 
colic) branches of the inferior mesenteric artery 
(Fig. 5-26). The veins correspond to the arteries 
and drain into the inferior mesenteric vein. 

The lymph vessels drain into lymph nodes lying 
along the course of the colic blood vessels, and the 
lymph eventually reaches the inferior mesenteric 
nodes around the origin of the inferior mesenteric 
artery. 

The nerves supplying the descending colon are 
derived from sympathetic fibers from the inferior 
mesenteric plexus and from pelvic parasympa¬ 
thetic nerves. 


Blood Supply of the 
Gastrointestinal Tract 

The arterial supply to the gut and its relationship 
to the development of the different parts of the gut 
are illustrated diagrammaticallv in Figure 5-27. 
The celiac artery is the artery of the foregut and 
supplies the gastrointestinal tract from the lower 
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transverse mesocolon 



colic branch of superior mesenteric artery (arrow). and supplies the gastrointestal tract from the mid¬ 
dle of the second part of the duodenum as far as 
the distal one-third of the transverse colon. The in¬ 
ferior mesenteric artery is the artery of the hindgut 
and supplies the large intestine from the distal one- 
third of the transverse colon to halfway down the 
anal canal. 


Celiac Artery 


The celiac artery and its branches are described on 
page 223. 
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Fig. 5-27. Arterial supply of developing gastrointes¬ 
tinal tract in fetus. Celiac arteiy supplies foregut; - 

superior mesenteric arteiy; midgut (shaded); and Superior Mesenteric Artery 
inferior mesenteric arteiy, hindgut. 

The superior mesenteric artery supplies the distal 
part of the duodenum, the jejunum, ileum, cecum, 
appendix, ascending colon, and most of the trans¬ 
verse colon. It arises from the front of the abdom¬ 
inal aorta just below the celiac artery (Fig. 5-22). It 
runs downward and to the right behind the neck 
of the pancreas and in front of the third part of the 
duodenum. It continues downward to the right be¬ 
tween the layers of the mesentery of the small in¬ 
testine and ends by anastomosing with the ileal 
branch of its own ileocolic branch. 
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Branches 

1. The inferior pancreaticoduodenal artery passes 
to the right as a single or double branch along 
the upper border of the third part of the duo¬ 
denum and the head of the pancreas. It supplies 
the pancreas and the adjoining part of the duo¬ 
denum. 

2. The middle colic artery runs forward in the 
transverse mesocolon to supply the transverse 
colon. It divides into right and left branches. 

3. The right colic artery is often a branch of the il¬ 
eocolic artciy. It passes to the right to supply the 
ascending colon. It divides into ascending and 
descending branches. 

4. The ileocolic artery passes downward and to the 
right. It gives rise to a superior branch that anas¬ 
tomoses with the right colic artery and an 
inferior branch that anastomoses with the end 
of the superior mesenteric artery. The inferior 
branch gives rise to the anterior and posterior 
cecal arteries; the appendicular artery is a 
branch of the posterior cecal artery. 

5. Jejunal and ileal branches. These branches are 
twelve to fifteen in number and arise from the 
left side of the superior mesenteric artery. Each 
artery divides into two, which unite with adja¬ 
cent branches to form a series of arcades. 
Branches from the arcades divide and unite to 
form a second, third, and fourth series of ar¬ 
cades. Fewer arcades supply the jejunum as 
compared with the ileum. From the terminal ar¬ 
cades small straight vessels supply the intestine. 


Inferior Mesenteric Artery 

The inferior mesenteric artery supplies the distal 
third of the transverse colon, the left colic flexure, 
descending colon, sigmoid colon, rectum, and up¬ 
per half of the anal canal. It arises from the ab¬ 
dominal aorta about lVz inches (3.8 cm) above its 
bifurcation (Fig. 5-26). The artery runs downward 
and to the left and crosses the left common iliac 
artery. Here, it changes its name and becomes the 
superior rectal artery. 


Branches 

1. The left colic artery runs upward and to the left 
and supplies the distal third of the transverse co¬ 


lon, the left colic (splenic) flexure, and the upper 
part of the descending colon. It divides into as¬ 
cending and descending branches. 

2. Sigmoid arteries. These are two or three in num¬ 
ber and supply the descending and sigmoid co¬ 
lon. 

3. The superior rectal artery is a continuation of the 
inferior mesenteric artery as it crosses the left 
common iliac artery. It descends into the pelvis 
behind the rectum. The artery supplies the rec¬ 
tum and upper half of the anal canal and anas¬ 
tomoses with the middle rectal and inferior rec¬ 
tal arteries. 


MARGINAL ARTERY 

The anastomosis of the colic arteries around the 
concave margin of the large intestine forms a single 
arterial trunk called the marginal arteiy. This be¬ 
gins at the ileocecal junction, where it anastomoses 
with the ileal branches of the superior mesenteric 
artery, and it ends where it anastomoses less freely 
with the superior rectal artery (Fig. 5-26). 


Veins 

The venous blood from the greater part of the gas¬ 
trointestinal tract and its accessory organs drains 
to the liver bv the portal venous system. 

The proximal tributaries drain directly into the 
portal vein, but the veins forming the distal tribu¬ 
taries correspond to the branches of the celiac ar¬ 
tery and the superior and inferior mesenteric arter¬ 
ies. 


Portal Vein _ 

This important vein is about 2 inches (5 cm) long 
and is formed behind the neck of the pancreas by 
the union of the superior mesenteric and the 
splenic veins (Fig. 5-28). It runs upward and to the 
right, posterior to the first part of the duodenum, 
and enters the lesser omentum (Figs. 5-7 and 5-13). 
It then ascends in front of the opening into the 
lesser sac to the porta hepatis, where it divides into 
right and left terminal branches. 

The portal circulation begins as a capillary 
plexus in the organs it drains and ends by emptying 
its blood into sinusoids within the liver. The portal 
vein drains blood from the gastrointestinal tract 
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-spleen 


Fig, 5-28. Formation of portal vein behind neck of 
pancreas. 


from the lower end of the esophagus to halfway 
down the anal canal; from the pancreas, gallblad¬ 
der, and bile ducts; and from the spleen (Fig. 5-29). 

For the relations of the portal vein in the lesser 
omentum, see page 212. 


PORTAL-SYSTEMIC ANASTOMOSES 

Under normal conditions the portal venous blood 
traverses the liver and drains into the inferior vena 
cava of the systemic venous circulation by way of 
the hepatic veins. This is the direct route. However, 
other, smaller communications exist between the 
portal and systemic systems, which become impor¬ 
tant should the direct route become blocked (Fig. 
5-30). 

These communications are as follows: 

1. At the lower third of the esophagus, the esoph¬ 
ageal branches of the left gastric vein (portal 
tributary) anastomose with the esophageal veins 
draining the middle third of the esophagus into 
the azygos veins (systemic tributary). 

2. Halfway down the anal canal, the superior rectal 
veins (portal tributary) draining the upper half 
of the anal canal anastomose with the middle 


and inferior rectal veins (systemic tributaries), 
which are tributaries of the internal iliac and in¬ 
ternal pudendal veins, respectively. 

3. The paraumbilical veins connect the left branch 
of the portal vein with the superficial veins of the 
anterior abdominal wall (systemic tributaries). 
The paraumbilical veins travel in the falciform 
ligament and accompany the ligamentum teres. 

4. The veins of the ascending colon, descending co¬ 
lon, duodenum, pancreas, and liver (portal trib¬ 
utary) anastomose with the renal, lumbar, and 
phrenic veins (systemic tributaries). 


Differences Between the Small and 
Large Intestine 

External Differences (Fig, 5-31) 

1. The small intestine (with the exception of the 
duodenum) is mobile, while the ascending and 
descending parts of the colon are fixed. 

2. The caliber of the full small intestine is normally 
smaller than that of the filled large intestine. 

3. The small intestine (with the exception of the 
duodenum) has a mesentery that passes down¬ 
ward across the midline into the right iliac fossa. 

4. The longitudinal muscle of the small intestine 
forms a continuous layer around the gut. In the 
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inferior vena cava 



Fig. 5-29. Tributaries of portal vein. 


large intestine (with the exception of the appen¬ 
dix) the longitudinal muscle is collected into 
three bands, the teniae coli. 

5. The small intestine has no fatty tags attached to 
its wall. The large intestine has fatty tags, called 
the appendices epiploicae. 

6. The wall of the small intestine is smooth, 
whereas that of the large intestine is sacculated. 


Internal Differences (Fig. 5-31) 

1. The mucous membrane of the small intestine 
has permanent folds, called plicae circulares, 
which are absent in the large intestine. 

2. The mucous membrane of the small intestine 
has villi, which are absent in the large intestine. 


3. Aggregations of lymphoid tissue called Pever’s 
patches are found in the mucous membrane of 
the small intestine; these are absent in the large 
intestine. 


Congenital Anomalies of the 
Gastrointestinal Tract 

Some of the more common congenital anomalies 
of the gastrointestinal tract are shown in Figure 
5-32. 


LIVER 

The liver is the largest gland in the body and has a 
wide variety of functions. Three of its basic func¬ 
tions are (1) the production and secretion of bile, 
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Fig. 5-30. Important portal-systemic anastomoses. 
(See text.) 


which is passed into the intestinal tract, (2) the in¬ 
volvement in many metabolic activities related to 
carbohydrate, fat, and protein metabolism, and (3) 
the filtration of the blood removing bacteria and 
other foreign particles that have gained entrance to 
the blood from the lumen of the intestine. The liver 
is soft and pliable and occupies the right hvpochon- 
drium, extending into the epigastrium (Fig. 5-2). 
The greater part of the liver is situated under cover 
of the ribs and costal cartilages and is in contact 
with the diaphragm, which separates it from the 
pleura, lungs, pericardium, and heart. The convex 
upper surface of the liver is molded to the under¬ 
surface of the domes of the diaphragm. The pos- 


tero-inferior, or visceral surface is molded to adja¬ 
cent viscera and is therefore irregualr in shape; it 
lies in contact with the abdominal part of the 
esophagus, the stomach, the duodenum, the right 
colic flexure, the right kidney and suprarenal 
gland, and the gallbladder. 

For purposes of description it is customary to di¬ 
vide the liver into a large right lobe and a small left 
lobe bv the attachment of the peritoneum of the 
falciform ligament (Fig. 5-33). The right lobe is 
further divided into a quadrate lobe and a caudate 
lobe by the presence of the gallbladder, the fissure 
for the ligamentum teres, the inferior vena cava, 
and the fissure for the ligamentum venosum. Ex¬ 
periments have shown that, in fact, the quadrate 
and caudate lobes are a functional part of the left 
lobe of the liver. Thus, the right and left branches 
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LARGE INTESTINE 


Fig. 5-31. Some external and internal differences 
between small and large intestine. 
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Fig. 5-32. Some common congenital anomalies of 
intestinal tract. (1—3) Congenital atresias of small 
intestine; (4) diverticulum of duodenum or je¬ 
junum; (5) mesenteric cyst of small intestine; (6) 
absence of vermiform appendix; (7) double appen¬ 
dix; (8) malrotation of gut, with appendix lying in 
left iliac fossa. For Meckel’s diverticulum, see Fig¬ 
ure 4-30. 
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Fig. 5-33. Liver as seen from in front (1) and from 
behind (2). On posterior surface of liver, note peri¬ 
toneal reflections onto diaphragm (3). 

of the hepatic artery and portal vein, and the right 
and left hepatic ducts, are distributed to the right 
lobe and the left lobe (plus quadrate plus caudate 
lobes), respectively. There is apparently veiy little 
overlap between the two sides. 

The porta hepatis, or hilus of the liver, is found 
on the postero-inferior surface (Fig. 5-33). The up¬ 
per part of the free edge of the lesser omentum is 
attached to its margins. In it lie the right and left 
hepatic ducts, the right and left branches of the 


hepatic arteiy, the portal vein, and sympathetic 
and parasympathetic nerve fibers (Fig. 5-34). A 
few hepatic lymph nodes lie here; they drain the 
liver and gallbladder and send their efferent vessels 
to the celiac lymph nodes. 

The liver, surrounded by a fibrous capsule, is 
made up of liver lobules. The central vein of each 
lobule is a tributaiy of the hepatic veins. In the 
spaces between the lobules are the portal canals. 
These contain branches of the hepatic arteiy, por¬ 
tal vein, and a tributary of a bile duct (portal 
triad). The arterial and venous blood passes be- 
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Fig. 5-34. Structures entering and leaving porta 
hepatis. 

tween the liver cells by means of sinusoids and 
drains into the central vein. 


Peritoneal Attachments and 
Ligaments of the Liver 

The falciform ligament, which is a two-layered fold 
of the peritoneum, ascends from the umbilicus to 
the liver (Figs. 5-4 and 5-33). Within the falciform 
ligament lies the ligamentum teres, the remains of 
the umbilical vein (left umbilical vein). The falci¬ 
form ligament passes on to the anterior and then 
to the superior surfaces of the liver and then splits 
into two layers. The right layer forms the upper 
layer of the coronary ligament; the left layer forms 
the upper layer of the left triangular ligament (Fig. 
5-33). The right extremity of the coronary ligament 
is known as the right triangular ligament of the 
liver. It should be noted that the peritoneal layers 
forming the coronary ligament are widely sepa¬ 
rated, leaving an area of liver devoid of perito¬ 
neum. Such an area is referred to as a “bare” area 
of the liver (Fig. 5-33). 


The ligamentum teres passes into a fissure on the 
visceral surface of the liver and joins the left branch 
of the portal vein in the porta hepatis (Figs. 5-29 
and 5-33). The ligamentum venosum, a fibrous 
band that is the remains of the ductus venosus, is 
attached to the left branch of the portal vein and 
ascends in a fissure on the visceral surface of the 
liver to be attached above to the inferior vena cava 
(Figs. 5-29 and 5-33). In the fetus, oxygenated 
blood is brought to the liver in the umbilical vein 
(ligamentum teres). The greater proportion of the 
blood bypasses the liver in the ductus venosus (lig¬ 
amentum venosum) and joins the inferior vena 
cava. At birth, the umbilical vein and ductus ve¬ 
nosus close and become fibrous cords. 

The lesser omentum arises from the edges of the 
porta hepatis and the fissure for the ligamentum 
venosum and passes down to the lesser curvature 
of the stomach (Fig. 5-35). 


Blood and Lymph Vessels and 
Nerve Supply of the Liver 

BLOOD VESSELS 

The blood vessels (Fig. 5-34) conveying blood to the 
liver are the hepatic artery (30 percent) and portal 
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Fig. 5-35. Attachment of lesser omentum to stom¬ 
ach and posterior surface of liver. 

vein (70 percent). The hepatic artery brings oxy¬ 
genated blood to the liver, while the portal vein 
brings venous blood rich in the products of diges¬ 
tion, which have been absorbed from the gastroin- 
testinal tract. The arterial and venous blood is con¬ 
ducted to the central vein of each liver lobule by 
the liver sinusoids. The central veins drain into the 
right and left hepatic veins, and these leave the pos¬ 
terior surface of the liver and open directly into the 
inferior vena cava. 


LYMPH VESSELS 

The liver produces a large amount of lymph— 
about one-third to one-half of all body lymph. The 
lymph vessels leave the liver and enter a number of 
lymph nodes in the porta hepatis. The efferent ves¬ 
sels pass to the celiac nodes. A small number of 
vessels pass from the bare area of the liver through 
the diaphragm to the posterior mediastinal lymph 
nodes. 


NERVE SUPPLY 

The nerve supply of the liver is derived from the 
sympathetic and parasympathetic nerves by way of 


the celiac plexus. The anterior vagal trunk gives rise 
to a large hepatic branch, which passes directly to 
the liver. 


EXTRAHEPATIC BILIARY 
APPARATUS 

Bile is secreted by the liver cells, stored, and con¬ 
centrated in the gallbladder; later it is delivered to 
the intestinal tract. The extraliepatic biliary appa¬ 
ratus consists of the right and left hepatic ducts, the 
common hepatic duct, the bile duct, the gallbladder, 
and the cystic duct. 

The smallest interlobular tributaries of the bile 
ducts are situated in the portal canals of the liver; 
they receive the bile canaliculi. The interlobular 
ducts join one another to form progressively larger 
ducts and, eventually, at the porta hepatis, from 
the right and left hepatic ducts. The right hepatic 
duct drains the right lobe of the liver and the left 
duct drains the left lobe, caudate lobe, and quad¬ 
rate lobe. 


Hepatic Hurts 

The right and left hepatic ducts emerge from the 
liver at the porta hepatis (Fig. 5-34). After a short 
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Fig. 5-36. Different parts of extrahepatic biliaiy ap¬ 
paratus. Note relation of gallbladder to transverse 
colon and duodenum. 


course the hepatic ducts unite to form the common 
hepatic duct (Fig. 5-36). 

The common hepatic duct is about 1.5 inches 
(4 cm) long and descends within the free edge of 
the lesser omentum. It is joined on the right side by 
the cystic duct from the gallbladder to form the 
bile duct (Fig. 5-36). 


Bile Duct 

The bile duct (common bile duct) is about 3 inches 
(8 cm) long. In the first part of its course it lies in 
the right free edge of the lesser omentum in front 
of the opening into the lesser sac. Here it lies in 
front of the right margin of the portal vein and on 
the right of the hepatic artery (Fig. 5-13). In the 


second part of its course it is situated behind the 
first part of the duodenum (Fig. 5-7) to the right of 
the gastroduodenal artery (Fig. 5-12). In the third 
part of its course it lies in a groove on the posterior 
surface of the head of the pancreas (Fig. 5-36). 
Here, the bile duct comes into contact with the 
main pancreatic duct. 

The bile duct ends below by piercing the medial 
wall of the second part of the duodenum about 
halfway down its length (Fig. 5-37). It is usually 
joined by the main pancreatic duct, and together 
they open into a small ampulla in the duodenal 
wall, called the ampulla ofVater. The ampulla it¬ 
self opens into the lumen of the duodenum by 
means of a small papilla, the major duodenal pa¬ 
pilla (Fig. 5-37). The terminal parts of both ducts 
and the ampulla are surrounded by circular muscle 
fibers, known as the sphincter of Oddi (Fig. 5-37). 
Occasionally, the bile and pancreatic ducts open 
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Fig. 5-37. Terminal parts of bile and pancreatic 
ducts as they enter second part of duodenum. Note 
sphincter of Oddi and smooth muscle around ends 
of bile duct and main pancreatic duct. 


separately into the duodenum. The common vari¬ 
ations of this arrangement are shown diagram- 
matically in Figure 5-38. 


Gallbladder 

The gallbladder is a pear-shaped sac lying on the 
visceral surface of the liver (Figs. 5-33 and 5-36). 
For descriptive purposes it is divided into the fun¬ 
dus, body, and neck. The fundus is rounded and 
usually projects below the inferior margin of the 
liver, where it comes in contact with the anterior 
abdominal wall at the level of the tip of the ninth 
right costal cartilage. The body lies in contact with 
the visceral surface of the liver and is directed up¬ 
ward, backward, and to the left. The neck becomes 
continuous with the cystic duct, which turns into 
the lesser omentum to join the right side of the 
common hepatic duct, to form the bile duct (Fig. 
5-36). 


The peritoneum completely surrounds the fun¬ 
dus of the gallbladder and binds the body and neck 
to the visceral surface of the liver. 


RELATIONS OF GALLBLADDER_ 

Anteriorly 

The anterior abdominal wall and the visceral sur¬ 
face of the liver (Fig. 5-2). 


Posteriorly 

The transverse colon and the first and second parts 
of the duodenum (Fig. 5-36). 


FUNCTION OF GALLBLADDER 

The gallbladder serves as a reservoir for bile, with 
a capacity of about 50 ml. It has the ability to con¬ 
centrate the bile, and to aid this process the mu¬ 
cous membrane is thrown into permanent folds 
that unite with each other, giving the surface a 
honeycombed appearance. The columnar cells lin- 
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major duodenal papilla 



Fig. 5-38. Three common variations of termina¬ 
tions of bile and main pancreatic ducts as they en¬ 
ter second part of duodenum. 


ing the surface also have numerous microvilli on 
their free surface. 

Bile is delivered to the duodenum as the result of 
contraction and partial emptying of the gallblad¬ 
der. This mechanism is initiated by the entrance of 
fatty foods into the duodenum. The fat causes the 
release of the hormone cholecystokinin from the 
mucous membrane of the duodenum; the hormone 
then enters the blood, causing the gallbladder to 
contract. At the same time the smooth muscle 
around the distal end of the bile duct and the am¬ 
pulla is relaxed, thus allowing the passage of con¬ 
centrated bile into the duodenum. The bile salts in 
the bile are important in emulsifying the fat in the 
intestine and assisting in its digestion and absorp¬ 
tion. 

The arterial supply of the gallbladder is from the 
cystic artery , a branch of the right hepatic artery 
(Fig. 5-34). The cystic vein drains directly into the 
portal vein. A number of very small arteries and 
veins also run between the liver and gallbladder. 


The lymph vessels pass to a cystic lymph node sit¬ 
uated near the neck of the gallbladder. From here, 
the lymph vessels pass by wav of the hepatic nodes 
along the course of the hepatic artery to the celiac 
nodes. 

The nerves to the gallbladder are derived from 
the celiac plexus. 


Cystic Duct 

The cystic duct is about 1.5 inches (4 cm) long and 
connects the neck of the gallbladder to the com- 
mon hepatic duct to form the bile duct (Fig. 5-36). 
It is usually somewhat S-shaped and descends for 
a variable distance in the right free edge of the 
lesser omentum. 

The mucous membrane of the cystic duct is 
raised to form a spiral fold that is continuous with 
a similar fold in the neck of the gallbladder. The 
fold is commonly known as the “spiral valve.” The 
function of the spiral valve is believed to be 
strengthening of the wall and assisting in keeping 
the lumen open. 
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Fig. 5-39. Different parts of pancreas dissected to 
reveal duct system. 


PANCREAS 

The pancreas is both an exocrine and an endocrine 
gland. The exocrine portion of the gland produces 
a secretion that contains enzymes that are capable 
of hydrolyzing proteins, fats, and carbohydrates. 
The endocrine portion of the gland, the islets of 
Langerhans , produces the hormones insulin and 
glucagon that play a key role in carbohydrate me¬ 
tabolism. 

The pancreas is a soft, lobulated organ that lies 
on the posterior abdominal wall behind the peri¬ 
toneum. It crosses the transpyloric plane. For pur¬ 
poses of description it is divided into a head, neck, 
body, and tail (Fig. 5-39). 

The head of the pancreas is disc-shaped and lies 
within the concavity of the duodenum (Figs. 5-17 
and 5-39). A part of the head extends to the left 
behind the superior mesenteric vessels and is called 
the uncinate process. 

The neck is the constricted portion of the pan¬ 
creas and connects the head to the body. It lies in 
front of the beginning of the portal vein and the 


origin of the superior mesenteric artery from the 
aorta (Fig. 5-17). 

The body runs upward and to the left across the 
midline (Fig. 5-12). It is somewhat triangular in 
cross section. 

The tail passes forward in the lienorenal liga¬ 
ment and comes in contact with the hilus of the 
spleen (Fig. 5-12). 


Relations 

Anteriorly 

From rie;ht to left: the transverse colon and the at- 
tachment of the transverse mesocolon, the lesser 
sac, and the stomach (Figs. 5-6 and 5-12). 


Posteriorly 

From right to left: the bile duct, the portal and 
splenic veins, the inferior vena cava, the aorta, the 
origin of the superior mesenteric artery, the left 
psoas muscle, the left suprarenal gland, the left 
kidney, and the hilus of the spleen (Figs. 5-12 and 
5-18)! 

The main duct of the pancreas begins in the tail 
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and runs the length of the gland, receiving numer¬ 
ous tributaries on the way (Fig. 5-39). It pierces the 
posteromedial wall of the second part of the duo¬ 
denum at about its middle and opens into the am¬ 
pulla of Vater with the bile duct (Fig. 5-37) or 
drains separately into the duodenum. 

The accessory duct of the pancreas, when pres¬ 
ent, drains the upper part of the head and then 
opens into the duodenum a short distance above 
the main duct (Figs. 5-37 and 5-39). The accessory 
duct frequently communicates with the main duct. 

The arterial supply is from the splenic and the 
superior and inferior pancreaticoduodenal arteries 
(Fig. 5-17). The corresponding veins drain into the 
portal system. 

The lymph vessels drain into lymph nodes situ¬ 
ated along the arteries that supply the gland. The 
efferent vessels ultimately drain into the celiac and 
superior mesenteric lymph nodes. 

The nerve supply to the pancreas is from sym¬ 
pathetic and parasympathetic (vagal) nerve fibers. 


SPLEEN 

The spleen is reddish in color and lies in the left 
hvpochondrium. Its long axis lies along the shaft of 
the tenth rib, and its lower pole extends forward 
only as far as the midaxillary line and cannot be 
palpated on clinical examination (Fig. 5-40). The 
spleen is the largest single mass of lymphoid tissue 
in the body and is generally ovoid in shape. It has 
a notched anterior border: 

The spleen is surrounded by peritoneum (Fig. 
5-5 and 5-40), which passes from it at the hilus 
as the gastrosplenic omentum (ligament) to the 
greater curvature of the stomach (carrying the 
short gastric and left gastroepiploic vessels). The 
peritoneum also passes to the left kidney as the 
lienorenal ligament (carrying the splenic vessels 
and the tail of the pancreas). 


Relations 

Anteriorly 

The stomach, the tail of the pancreas, and the left 
colic flexure. The left kidney lies along its medial 
border (Figs. 5-12 and 5-13). 


Posteriorly 

The diaphragm, the left pleura (left costodiaphrag¬ 
matic recess), the left lung, and the ninth, tenth, 
and eleventh ribs (Figs. 5-13 and 5-40). 

The arterial supply is from the splenic artery, 
which is the largest branch of the celiac artery. It 
has a tortuous course as it runs along the upper 
border of the pancreas. The splenic artery then di¬ 
vides up into about six branches, which enter the 
spleen at the hilus. The splenic vein leaves the hilus 
and runs behind the tail and the body of the pan¬ 
creas. Behind the neck of the pancreas the splenic 
vein joins the superior mesenteric vein to form the 
portal vein. 

The lymph vessels emerge from the hilus and 
pass through a few lymph nodes along the course 
of the splenic arteiy and drain into the celiac 
nodes. 

The nerves to the spleen accompany the splenic 
artery and are derived from the celiac plexus. 


URINARY TRACT_ 

Kidneys 

The two kidneys function to excrete most of the 
waste products of metabolism. They play a major 
role in controlling the water and electrolyte bal¬ 
ance within the body and maintaining the acid- 
base balance of the blood. The waste products 
leave the kidneys as urine, which passes down the 
ureters to the urinary bladder, located within the 
pelvis. The urine leaves the body in the urethra. 

The kidneys are reddish-brown in color and lie 
behind the peritoneum high up on the posterior ab¬ 
dominal wall, largely under cover of the costal 
margin (Fig. 5-41). The right kidney lies slightly 
lower than the left kidney, due to the bulk of the 
right lobe of the liver. With contraction of the dia- 
phragm during respiration, both kidneys move 
downward in a vertical direction by as much as 1 
inch (2.5 cm). On the medial border of each kidney 
is a vertical slit, which is bounded bv thick lips of 
renal substance and is called the hilus (Fig. 5-42). 
The hilus transmits, from the front backward, the 
renal vein, two branches of the renal arterv, the 
ureter, and the third branch of the renal arterv 
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splenic vessels 


1ienorenal ligament 



notched anterior border 


gastrosplenic omentum 



spleen 


Fig. 5-40. Spleen, with its notched anterior border, 
and its relation to adjacent structures. 
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common iliac artery 


external iliac artery 


urinary bladder 


rectum 


Fig. 5-41. Posterior abdominal wall, showing kid¬ 
neys and ureters in situ. Arrows indicate three 
sites where ureter is narrowed. 


(V.A.U.A.). Lymph vessels and sympathetic fibers 
also pass through the hilus. 

The kidneys are surrounded by a fibrous capsule, 
which is closely applied to the cortex. Outside the 
fibrous capsule is a covering of fat known as the 
perirenal fat (Fig. 5-42). The renal fascia surrounds 
the perirenal fat and encloses the kidneys and the 
suprarenal glands. The renal fascia is a condensa¬ 
tion of areolar tissue, which is continuous laterally 
with the fascia transversalis. Behind the renal fas¬ 
cia there is usually a large amount of fat called 
pararenal fat. 


Relations 
RIGHT KIDNEY 
Anteriorly 

The suprarenal gland, the liver, the second part of 
the duodenum, and the right colic flexure (Figs. 
5-12 and 5-43). 


Fig. 5-42. (A) Right kidney, anterior surface. (B) 
Right kidney, coronal section; shows cortex, me¬ 
dulla, pyramids, renal papillae, and calyces. (C) 
Section of kidney showing positions of nephrons 
and arrangement of blood vessels within kidney. 
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Fig. 5-43. Anterior relations of both kidneys. Vis¬ 
ceral peritoneum covering kidneys has been left in 
position. Shaded areas indicate where kidney is in 
direct contact w ith adjacent viscera. 


Posteriorly 

The diaphragm, the costodiaphragmatic recess of 
the pleura, the twelfth rib, and the psoas, quadra- 
tus lumborum, and transversus abdominis mus¬ 
cles. The subcostal (T12), iliohypogastric, and il¬ 
ioinguinal nerves (LI) run downward and laterally 
(Fig'; 5-24). 


LEFT KIDNEY 
Anteriorly 

The suprarenal gland, the spleen, the stomach, the 
pancreas, the left colic flexure, and coils ofjejunum 
(Figs. 5-12 and 5-43). 


Posteriorly 

The diaphragm, the costodiaphragmatic recess of 
the pleura, the eleventh (the left kidney is higher) 


and twelfth ribs, and the psoas, quadratus lum¬ 
borum, and transversus abdominis muscles. The 
subcostal (T12), iliohypogastric, and ilioinguinal 
nerves (LI) run downward and laterally (Fig. 
5-24). 

Note that many of the structures are directly in 
contact with the kidneys, while others are sepa¬ 
rated bv visceral layers of peritoneum. For details, 
see Figure 5-43. 

Within the kidney, the upper expanded end of 
the ureter, the renal pelvis (pelvis of the ureter) di¬ 
vides into two or three major calyces, each of which 
divides into two or three minor calyces (Fig. 5-42). 
Each minor calvx is indented by the apex of a med¬ 
ullary pyramid called the renal papilla. A coronal 
section through the kidney showing the relation¬ 
ships of the cortex, medulla, renal papillae, and 
minor calyces appears in Figure 5-42. 

The arterial supply to the kidney is bv way of the 
renal artery, a branch of the aorta. Each renal ar¬ 
tery' usuallv divides into five segmental arteries that 
enter the hilus of the kidney', four in front and one 
behind the renal pelvis. They are distributed to dif¬ 
ferent segments or areas of the kidney. Lobar ar¬ 
teries arise from each segmental artery, one for 
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each renal pyramid. Before entering the renal sub¬ 
stance, each lobar artery gives off two or three in¬ 
terlobar arteries (Fig. 5-42). The interlobar arteries 
run toward the cortex on each side of the renal pyr¬ 
amid. At the junction of the cortex and the medul¬ 
la, the interlobar arteries give off the arcuate arter¬ 
ies, which arch over the bases of the pyramids (Fig. 
5-42). The arcuate arteries give off a number of in¬ 
terlobular arteries that ascend in the cortex. The 
afferent glomerular arterioles arise as branches of 
the interlobular arteries. 

The renal vein emerges from the hilus in front of 
the renal arterv. The renal vein drains into the in- 

J 

ferior vena cava. 

The lymph vessels follow the renal artery to lat¬ 
eral aortic lymph nodes around the origin of the 
renal artery. 

The nerves to the kidney originate in the renal 
sympathetic plexus and are distributed along the 
branches of the renal vessels. The afferent fibers 
that travel through the renal plexus enter the spinal 
cord in the tenth, eleventh, and twelfth thoracic 
nerves. 

Some of the more common forms of congenital 
anomalies of the kidne}> are shown in Figure 5-44. 


Ureter 

The ureters convey the urine from the kidneys to 
the urinary bladder. The urine is propelled along 
the ureter by peristaltic contractions of the muscle 
coat, assisted bv the filtration pressure of the glo¬ 
meruli. 

The ureter is 10 inches (25 cm) long and resem¬ 
bles the esophagus (also 10 inches long) in having 
three constrictions along its course: (1) where the 
renal pelvis joins the ureter, (2) where it is kinked 
as it crosses the pelvic brim, and (3) where it 
pierces the bladder wall (Fig. 5-41). 

The renal pelvis (pelvis of the ureter) is the funnel- 
shaped expanded upper end of the ureter. It lies 
within the hilus of the kidney and receives the ma¬ 
jor calyces (Fig. 5-42). The ureter emerges from the 
hilus of the kidney and runs vertically downward 
behind the parietal peritoneum (adherent to it) on 
the psoas muscle, which separates it from the tips 
of the transverse processes of the lumbar vertebrae. 
It enters the pelvis by crossing the bifurcation of 
the common iliac artery in front of the sacroiliac 
joint (Fig. 5-41). The ureter then runs down the lat¬ 


eral wall of the pelvis to the region of the ischial 
spine and turns forward to enter the lateral angle 
of the bladder. The pelvic course of the ureter is 
described in detail on pages 340 and 344. 


Relations 
RIGHT URETER 
Anteriorly 

The duodenum, the terminal part of the ileum, the 
right colic and ileocolic vessels, the right testicular 
or ovarian vessels, and the root of the mesentery of 
the small intestine (Fig. 5-18). 


Posteriorly 

The right psoas muscle, which separates it from 
the lumbar transverse processes, and the bifurca¬ 
tion of the right common iliac artery (Fig. 5-41). 


LEFT URETER 
Anteriorly 

The sigmoid colon and sigmoid mesocolon, the left 
colic vessels, and the left testicular or ovarian ves¬ 
sels (Figs. 5-9 and 5-18). 


Posteriorly 

The left psoas muscle, which separates it from the 
lumbar transverse processes, and the bifurcation of 
the left common iliac artery (Fig. 5-41). 

The inferior mesenteric vein lies along the me¬ 
dial side of the left ureter (Fig. 5-18). 

The arterial supply to the ureter is from: (1) the 
renal arterv, (2) the testicular or ovarian artery, 
and below, in the pelvis, from (3) the superior ves¬ 
ical arterv. The venous blood drains into corre¬ 
sponding veins. 

The lymph vessels drain into the lateral aortic 
nodes and the iliac nodes. 

The nerves of the ureter are derived from the 
renal, testicular (or ovarian), and hypogastric plex¬ 
uses (in the pelvis). Afferent fibers travel with the 
sympathetic nerves and enter the spinal cord in the 
first and second lumbar segments. 

The common congenital anomalies of the ureter 
are shown in Figure 5-45. 
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aberrant renal artery causing 

______urinary obstruction 

Fig. 5-44. Some common congenital anomalies of 
kidney. 
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Fig, 5-45, Some common congenital anomalies of 
ureter. 
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SUPRARENAL GLANDS 

The suprarenal glands are yellowish retroperito¬ 
neal organs that lie on the upper poles of the kid¬ 
neys. Thev are surrounded bv renal fascia (but are 
separated from the kidneys by the perirenal fat). 
Each gland has a yellow-colored cortex and a dark 
brown medulla. 

The cortex of the suprarenal glands secretes hor¬ 
mones that include (1) mineral corticoids con¬ 
cerned with the control of fluid and electrolyte bal¬ 
ance, (2) glucocorticoids, which are concerned with 
the control of the metabolism of carbohydrates, 
fats, and proteins, and (3) small amounts of sex 
hormones, which probably play a role in the pre¬ 
pubertal development of the sex organs. The med¬ 
ulla of the suprarenal glands secretes the catechol¬ 
amines epinephrine and norepinephrine. 

The right suprarenal gland is pyramidal in shape 
and caps the upper pole of the right kidney (Fig. 
5-12). It lies behind the right lobe of the liver and 
extends medially behind the inferior vena cava. It 
rests posteriorly on the diaphragm. 

The left suprarenal gland is crescentic in shape 
and extends along the medial border of the left kid- 
ney from the upper pole to the hilus (Fig. 5-12). It 
lies behind the pancreas, the lesser sac, and the 
stomach and rests posteriorly on the diaphragm. 

The arteries supplying each gland are three in 
number: (1) suprarenal branch of the inferior 
phrenic arteiy, (2) suprarenal branch of the aorta, 
and (3) suprarenal branch of the renal artery. 

A single vein emerges from the hilus of each 
gland and drains into the inferior vena cava on the 
right and into the renal vein on the left. 

Lymph vessels pass to the lateral aortic nodes. 

The nerves are predominantly preganglionic 
sympathetic fibers and are derived from the 
splanchnic nerves; the majority of the nerves end in 
the medulla of the gland. 


ARTERIES ON THE POSTERIOR 
ABDOMINAL WALL _ 

Aorta 

The aorta enters the abdomen through the aortic 
opening of the diaphragm in front of the twelfth 
thoracic vertebra. It descends anteriorly on the 
bodies of the lumbar vertebrae, and in front of the 


fourth lumbar vertebra it divides into the two com¬ 
mon iliac arteries (Fig. 5-46). On its right side lie 
the inferior vena cava, the cisterna chyli, and the 
beginning of the azygos vein. On its left side the 
left sympathetic trunk is closely related to its mar¬ 
gin. 

The aorta gives off the branches shown in Dia- 
gram 5-1. 

The common iliac arteries arise at the bifurcation 
of'the aorta and run downward and laterally along 
the medial border of the psoas muscle (Figs. 4-41 
and 5-46). Each arteiy ends in front of the sacroil¬ 
iac joint by dividing into the external and internal 
iliac arteries. 

The external iliac arteiy runs along the medial 
border of the psoas, following the pelvic brim (Fig. 
5-41). It gives off the inferior epigastric and deep 
circumflex iliac branches before it passes under the 
inguinal ligament to become the femoral arteiy. 

The internal iliac arteiy enters the pelvis in front 
of the sacroiliac joint (Fig. 5-46). Its further course 
is described on page 320. 


VEINS ON THE POSTERIOR 
ABDOMINAL WALL 

Inferior Vena Cava 

The inferior vena cava conveys most of the blood 
from the body below' the diaphragm to the right 
atrium of the heart. It is formed by the union of 
the common iliac veins behind the right common 
iliac arteiy (Fig. 5-46). It ascends on the right side 
of the aorta, pierces the central tendon of the dia¬ 
phragm at the level of the eighth thoracic vertebra, 
and drains into the right atrium of the heart. 

The right sympathetic trunk lies behind its right 
margin and the right ureter lies Vz inch (1.3 cm) 
from its right border. The entrance into the lesser 
sac separates the inferior vena cava from the portal 
vein (Fig. 5-7). 

The inferior vena cava receives the tributaries 
shown in Diagram 5-2. 

If one remembers that the venous blood from the 
abdominal portion of' the gastrointestinal tract 
drains to the liver by means of the tributaries of the 
portal vein, and that the left suprarenal and testic¬ 
ular or ovarian veins drain first into the left renal 
vein, then it is apparent that the tributaries of the 
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inferior vena cava 



Fig. 5-46. Aorta and inferior vena cava. 

inferior vena cava correspond rather closely to the 
branches of the abdominal portion of the aorta. 


Inferior Mesenteric Vein 

The inferior mesenteric vein is a tributary of the 
portal circulation. It begins halfway down the anal 
canal as the superior rectal vein (Figs. 5-17, 5-28, 
and 5-29). It passes up ihe posterior abdominal 
wall on the left side of the inferior mesenteric ar¬ 
tery and the duodenojejunal junction and joins the 


splenic vein behind the pancreas. It receives tribu¬ 
taries that correspond to the branches of the artery. 


Splenic Vein 

The splenic vein is a tributary of the portal circu¬ 
lation. It begins at the hilus of the spleen by the 
union of several veins and is then joined by the 
short gastric and the left gastroepiploic veins (Figs. 
5-28 and 5-29). It passes to the right within the 
lienorenal ligament and runs behind the pancreas 
below the splenic artery. It joins the superior mes¬ 
enteric vein behind the neck of the pancreas to 
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Diagram 5-1. Branches of Abdominal Aorta. 


p left gastric artery 


(a) Celiac artery-splenic artery 


— short gastric arteries (6) 

— splenic arteries (6) 

— — left gastroepiploic artery 


hepatic artery 


- —cystic artery 

— right gastric artery i—right gastroepiploic artery 

—gastroduodenal artery—I—superior pancreatico- 

— right hepatic arteiy duodenal artery 

L-left hepatic artery 
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— middle colic artery 
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- right colic arteiy —posterior cecal artery—appendicular artery 
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— left colic artery 


— (c) Inferior-sigmoid arteries (2 or 3) 

mesenteric 

artery 1— superior rectal artery 


—(a) Suprarenal artery 
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—'(c) Testicular or ovarian artery 
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abdominal wall 
branches 


4. Three terminal 
branches 


-(a) Inferior phrenic artery 
— (b) Four lumbar arteries 
i—(a) Two common iliac arteries 
^-(b) Median sacral artery 


i 


external iliac arteiy 
internal iliac artery 


form the portal vein. It is joined bv veins from the 
pancreas and the inferior mesenteric vein. 


Superior Mesenteric Vein 

The superior mesenteric vein is a tributary of the 
portal circulation (Figs. 5-17, 5-28, and 5-29). It be¬ 
gins at the ileocecal junction and runs upward on 
the posterior abdominal wall within the root of the 


mesentery of the small intestine and on the right 
side of the superior mesenteric artery. It passes in 
front of the third part of the duodenum and behind 
the neck of the pancreas, where it joins the splenic 
vein to form the portal vein. It receives tributaries 
that correspond to the branches of the superior 
mesenteric artery and also receives the inferior 
pancreaticoduodenal vein and the right gastroepi¬ 
ploic vein (Fig. 5-29). 
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Diagram 5-2. Tributaries of Inferior Vena Cava. 


1. Two anterior visceral tributaries—the hepatic veins 

—(a) Right suprarenal vein (the left drains into the left renal vein) 
-(b) Renal veins 


2. Three lateral visceral tributaries - 


—(c) Right testicular or ovarian vein (the left drains into the left renal vein) 


3. Five lateral abdominal wall 
tributaries 


(a) Inferior phrenic vein 
—(b) Four lumbar veins 


4. Three tributaries of origin-r—(a) Two common iliac veins 

(b) Median sacral vein 


E 


external iliac vein 
internal iliac vein 


Portal Vein 

The portal vein is described on page 237. 


LYMPHATICS ON THE 
POSTERIOR ABDOMINAL WALL 

Lymph Nodes 

The lymph nodes are closely related to the aorta 
and form a preaortic and a right and left lateral 
aortic (para-aortic or lumbar) chain (Fig. 5-47). 

The preaortic lymph nodes lie around the origins 
of the celiac, superior mesenteric, and inferior 
mesenteric arteries and are referred to as the celiac, 
superior mesenteric, and inferior mesenteric lymph 
nodes, respectively. They drain the lymph from the 
gastrointestinal tract, extending from the lower 
one-third of the esophagus to halfway down the 
anal canal; and from the spleen, pancreas, gall¬ 
bladder, and greater part of the liver. The efferent 
lymph vessels form the large intestinal trunk (see 
below). 

The lateral aortic (para-aortic or lumbar) lymph 
nodes drain lymph from the kidneys and supra- 
renals; from the testes in the male and from the 
ovaries, the uterine tubes, and the fundus of the 
uterus in the female; from the deep lymph vessels 
of the abdominal walls and from the common iliac 
nodes. The efferent lymph vessels form the right 
and left lumbar trunks (see below). 


Lymph Vessels 

The thoracic duct commences in the abdomen as 
an elongated lymph sac, the cisterna chyli. This lies 
just below the diaphragm in front of the first two 
lumbar vertebrae and on the right side of the aorta 
(Fig. 5-47). 

The cisterna chyli receives: (1) the intestinal 
trunk, (2) the right and left lumbar trunks, and (3) 
some small lymph vessels that descend from the 
lower part of the thorax. 


NERVES ON THE POSTERIOR 
ABDOMINAL WALL_ 

Lumbar Plexus 

The lumbar plexus is formed in the psoas muscle 
from the anterior rami of the upper four lumbar 
nerves (Fig. 5-48). The anterior rami receive gray 
rami communicantes from the sympathetic trunk, 
and the upper two give off white rami communi¬ 
cantes to the sympathetic trunk. The branches of 
the plexus emerge from the lateral and medial bor¬ 
ders of the muscle and from its anterior surface. 

The iliohypogastric, ilioinguinal, lateral cuta¬ 
neous nerve of the thigh, and femoral nerves 
emerge from the lateral border of the psoas in that 
order from above downward (Fig. 5-24). The ilio¬ 
hypogastric and ilioinguinal nerves (LI) enter the 
lateral and anterior abdominal walls. (See p. 163.) 
The iliohypogastric nerve supplies the skin of the 
lower part of the anterior abdominal wall and the 
ilioinguinal nerve passes through the inguinal 
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Fig. 5-47. Lymphatic vessels and nodes on posterior 
abdominal wall. 


canal to supply the skin of the groin and the scro¬ 
tum or labium majus. The lateral cutaneous nerve 
of the thigh crosses the iliac fossa in front of the 
iliacus muscle and enters the thigh behind the lat¬ 
eral end of the inguinal ligament. (See p. 577.) It 
supplies the skin over the lateral surface of the 
thigh. The femoral nerve (L2, 3, and 4) runs down¬ 
ward and laterally between the psoas and the ilia¬ 
cus muscles and enters the thigh behind the in¬ 
guinal ligament and lateral to the femoral sheath. 
(See p. 590.) In the abdomen it supplies the iliacus 
muscle. 


The obturator nerve and the fourth lumbar root 
of the lumbosacral trunk emerge from the medial 
border of the psoas at the brim of the pelvis. The 
obturator nerve (L2, 3, and 4) crosses the pelvic 
brim in front of the sacroiliac joint and behind the 
common iliac vessels. It leaves the pelvis by passing 
through the obturator foramen into the thigh. (For 
a description of its course in the pelvis, see p. 320, : 
and in the thigh, see p. 596.) The fourth lumbar 
root of the lumbosacral trunk takes part in the for¬ 
mation of the sacral plexus. (See p. 314.) It de¬ 
scends anterior to the ala of the sacrum and joins 
the first sacral nerve. 

The genitofemoral nerve (LI and 2) emerges on 
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Fig. 5-48. Lumbar plexus of nerves. 


the anterior surface of the psoas. It runs downward 
in front of the muscle and divides into (1) a genital 
branch, which enters the spermatic cord and sup¬ 
plies the cremaster muscle, and (2) a femoral 
branch, which supplies a small area of the skin of 
the thigh. (See p. 577.) It is the nervous pathway 
involved in the cremasteric reflex, in which stimu¬ 
lation of the skin of the thigh in the male results in 
reflex contraction of the cremaster muscle and the 
drawing upward of the testis within the scrotum. 


Abdo minal Part of the 
Sympathetic Trunk _ 

The abdominal part of the sympathetic trunk is 
continuous above with the thoracic and below with 
the pelvic parts of the sympathetic trunk. It runs 
downward along the medial border of the psoas 


muscle on the bodies of the lumbar vertebrae (Fig. 
5-49). It enters the abdomen from behind the me¬ 
dial arcuate ligament and gains entrance to the 
pelvis below bv passing behind the common iliac 
vessels. The right sympathetic trunk lies behind the 
right border of the inferior vena cava; the left sym¬ 
pathetic trunk lies close to the left border of the 
aorta. 

The sympathetic trunk possesses four segmen- 
tally arranged ganglia, the first and second often 
being fused together. The upper two ganglia re¬ 
ceive a white ramus communicans from the first 
and second lumbar nerves. 


Branches 

1. Gray rami communicantes to the lumbar spinal 
nerves. The postganglionic fibers are distributed 
through the branches of the spinal nerves to the 
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Fig. 5-49. Aorta and related sympathetic plexuses. 


blood vessels, sweat glands, and arrector pili 
muscles of the skin. (See Fig. 1-4.) 

2. Fibers pass medially to the sympathetic plexuses 
on the abdominal aorta and its branches. (These 
plexuses also receive fibers from splanchnic 
nerves and the vagus.) 

3. Fibers pass downward and medially in front of 
the common iliac vessels into the pelvis, where, 
together with branches from sympathetic nerves 
in front of the aorta, they form a large bundle of 
fibers called the hypogastric plexus (Fig. 5-49). 


Aortic Plexuses 

Preganglionic and postganglionic sympathetic fi¬ 
bers, preganglionic parasympathetic fibers, and 


visceral afferent fibers form a plexus of nerves, the 
aortic plexus, around the abdominal part of the 
aorta (Fig. 5-49). Regional concentrations of this 
plexus around the origins of the celiac, renal, su¬ 
perior mesenteric, and inferior mesenteric arteries 
form the celiac plexus, renal plexus, superior mes¬ 
enteric plexus, and inferior mesenteric plexus, re¬ 
spectively. 

The celiac plexus consists mainly of two celiac 
ganglia connected together by a large network of 
fibers that surrounds the origin of the celiac arteiy. 
The ganglia receive the greater and lesser splanch¬ 
nic nerves (preganglionic sympathetic fibers). Post¬ 
ganglionic branches accompany the branches of 
the celiac artery and follow them to their distri¬ 
bution. Parasympathetic vagal fibers also accom¬ 
pany the branches of the artery. 
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Fig. 5-50, Cross section of abdomen at level of body 
of eleventh thoracic vertebra, viewed from below. 



Fig. 5-51. Cross section of abdomen at level of body 
of second lumbar vertebra, viewed from below. 
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Fig. 5-52. Cross section of abdomen at level of body 
of third lumbar vertebra, view ed from below. 
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The renal and superior mesenteric plexuses are 
smaller than the celiac plexus. They are distributed 
along the branches of the corresponding arteries. 
The inferior mesenteric plexus is similar, but re¬ 
ceives parasympathetic fibers from the sacral para¬ 
sympathetic. 


Cross-Sectional Anatomy of the 
Abdomen 

In order to assist you in the interpretation of CT 
scans of the abdomen, you should study the labeled 
cross sections of the abdomen shown in Figures 
5-50, 5-51, and 5-52. The sections have been pho¬ 
tographed on their inferior surfaces. See Figure 5-53 
for CT scan. 


RADIOGRAPHIC APPEARANCES 
OF THE ABDOMEN 

Only the more important features seen in a stan¬ 
dard anteroposterior radiograph of the abdomen, 
with the patient in the supine position, will be de¬ 
scribed (Figs. 5-54 and 5-55). 

Examine the following in a systematic order. 

1. Bones. In the upper part of the radiograph the 
lower ribs will be seen. Running down the mid¬ 
dle of the radiograph are the lower thoracic and 
lumbar vertebrae and the sacrum and coccyx. 
On either side are the sacroiliac joints, the pelvic 
bones, and the hip joints. 

2. Diaphragm. This casts dome-shaped shadows on 
each side; the one on the right is slightly higher 
than the one on the left (not shown in Fig. 5-54). 

3. Psoas muscle. On either side of the vertebral col¬ 
umn the lateral borders of the psoas muscle cast 
a shadow that passes downward and laterally 
from the twelfth thoracic vertebra. 

4. Liver. This forms a homogeneous opacity in the 
upper part of the abdomen. 

5. Spleen. This may cast a soft shadow, which can 


Fig. 5-53. CT scan of abdomen at the level of the 
second lumbar vertebra following intravenous 
pyelography. The radiopaque material can be seen 
in the renal pelvis and the ureters. The section is 
view ed from below. 


be seen in the left ninth and tenth intercostal 
spaces (not shown in Fig. 5-54). 

6. Kidneys. These are usually visible because the 
perirenal fat surrounding the kidneys produces 
a transradiant line. 

7. Stomach and iiitestities. Gas may be seen in the 
fundus of the stomach and in the intestines. Fe¬ 
cal material may also be seen in the colon. 

8. Urinaiy bladder. If this contains sufficient urine, 
it will cast a shadow in the pelvis. 


Radiographic Appearances of the 
Stomach 

The stomach may be demonstrated radiologically 
(Figs. 5-56 and 5-57) bv the administration of a 
watery suspension of barium sulfate (barium 
meal). With the patient in the erect position, the 
first few mouthfuls pass into the stomach and 
form a triangular shadow with the apex down¬ 
ward. The gas bubble in the fundus will show 
above the fluid level at the top of the barium 
shadow. As the stomach is filled, the greater and 
lesser curvatures will be outlined, and the body and 
pvloric portions will be recognized. The pylorus 
will be seen to move downward and come to lie at 
the level of the third lumbar vertebra. 

Fluoroscopic examination of the stomach as it is 
filled with the barium emulsion will reveal peri¬ 
staltic waves of contraction of the stomach wall, 
which commence near the middle of the body and 
pass to the pylorus. The respiratory movements of 
the diaphragm will cause displacement of the fun¬ 
dus. 


Radiographic Appearances of the 
Duodenum 

A barium meal passes into the first part of the 
duodenum and forms a triangular homogeneous 
shadow, the duodenal cap , which has its base to¬ 
ward the pylorus (Fig. 5-58). Under the influence 
of peristalsis, the barium quickly leaves the duo¬ 
denal cap and passes rapidly through the remain¬ 
ing portions of the duodenum. The outline of the 
barium shadow in the first part of the duodenum 
is smooth, due to the absence of mucosal folds. In 
the remainder of the duodenum, the presence of 
plicae circulares breaks up the barium emulsion, 
giving it a floccular appearance. 
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Fig. 5-54. Anteroposterior radiograph of abdomen 
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Fig. 5-55. Diagrammatic representation of main 
features seen in anteroposterior radiograph in Fig¬ 
ure 5-54. 
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Fig. 5-56. Radiograph of stomach and small intes¬ 
tine following ingestion of barium meal. 
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diaphragm 



Fig. 5-57. Diagrammatic representation of main 
features seen in radiograph in Figure 5-56. 
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Fig. 5-58. Radiograph of duodenum following 
ingestion of barium meal. 


Radiographic Appearances of the 
Jejunum and Ileum 

A barium meal enters the jejunum in a few min¬ 
utes, reaches the ileocecal junction in 30 minutes to 
2 hours, and the greater part has left the small in¬ 
testine in 6 hours. In the jejunum and upper part 
of the ileum, the mucosal folds and the peristaltic 
activity scatter the barium shadow (Figs. 5-56 and 
5-59). In the last part of the ileum, the barium 
meal tends to form a continuous mass of barium. 


The bowel may be outlined by the administra¬ 
tion of 2 to 3 pints (1 L) of barium sulfate emulsion 
through the anal canal. When the large intestine is 
filled, the entire outline may be seen in an antero¬ 
posterior projection (Fig. 5-60). Oblique and lateral 
views of the colic flexures may be necessary. The 
characteristic sacculations are well seen when the 
bowel is filled, and, after the enema has been evac¬ 
uated, the mucosal pattern is clearly demon¬ 
strated. 

The appendix frequently fills with barium after 
an enema. The radiographic appearances of the 
sigmoid colon and rectum are described on page 
357. 


Radiographic Appearances of the 
Large Intestine 

The large intestine may be demonstrated by the 
administration of a barium enema or a barium 
meal. The former is more satisfactory. 


Radiographic Appearances of the 
Extrahepatic Biliary Apparatus 

The bile passages normally are not visible on a ra¬ 
diograph. Their lumina may be outlined by the 
administration of various iodine-containing com- 
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Fig. 5-59. Radiograph of small intestine following 
barium meal. 
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Fig. 5-60. Radiograph of large intestine following 
barium enema. Air has been introduced into the 
intestine through the enema tube after evacuation 
of most of the barium. This procedure is referred 
to as a contrast enema. 


pounds orally or by injection. When taken orally, 
the compound is absorbed from the small intes¬ 
tine, carried to the liver, and excreted with the bile. 
On reaching the gallbladder, it is concentrated 
with the bile. The concentrated iodine compound, 
mixed with the bile, is now radiopaque and wall 
reveal the gallbladder as a pear-shaped opacity in 
the angle between the right twelfth rib and the ver¬ 
tebral column (Figs. 5-61 and 5-62). If the patient 
is given a fatty meal, the gallbladder contracts, and 
the cystic and bile ducts will become visible as the 















Fig. 5-61. Radiograph of gallbladder after adminis¬ 
tration of iodine-containing compound. 
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Fig. 5-62. Diagrammatic representation of main 
features seen in radiograph in Figure 5-61. 


opaque medium passes down to the second part of 
the duodenum. A sonogram of the upper part of 
the abdomen can be used to show the lumen of the 
gallbladder (Fig. 5-73). 


Radiographic Appearances of the 
Urinary Tract 

KIDNEYS 

The kidneys are usually visible on a standard an¬ 
teroposterior radiograph of the abdomen because 
the perirenal fat surrounding the kidneys produces 
a transradiant line. They can be made to show up 


very clearly by the introduction of air under the 
renal fascia. 


CALYCES, PELVIS OF URETER, 

AND URETER 

These structures are not normally visible on a stan¬ 
dard radiograph. The lumen can be demonstrated 
bv the use of radiopaque compounds in intrave¬ 
nous pyelography or retrograde pyelography. 

With intravenous pyelography, an iodine-con¬ 
taining compound is injected into a subcutaneous 
arm vein. It is excreted and concentrated by the 
kidneys, thus rendering the calyces and ureter 
opaque to X-ravs (Figs. 5-63 and 5-64). When 
























Fig. 5-63. Radiograph of ureter and renal pelvis 
after intravenous injection of iodine-containing 
compound, which is excreted by kidney. Major and 
minor calyces are also shown. 
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Fig. 5-64. Diagrammatic representation of main 
features seen in radiograph in Figure 5-63. 
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enough of the opaque medium has been excreted, 
the bladder will also be revealed. The ureters are 
seen superimposed on the transverse processes of 
the lumbar vertebrae. They cross the sacroiliac 
joints and enter the pelvis. In the vicinity of the is¬ 
chial spines, they turn medially to enter the blad¬ 
der. The three normal constrictions of the ureters 
(at the junction of the renal pelvis with the ureter, 
at the pelvic brim, and where the ureter enters the 
bladder) may be recognized. 


With retrograde pyelography, a cystoscope is 
passed through the urethra into the bladder, and a 
ureteric catheter is inserted into the ureter. A so¬ 
lution of sodium iodide is then injected along the 
catheter into the ureter. When the minor calvces 
become filled with the radiopaque medium, the 
detailed anatomy of the minor and major calvces 
and the pelvis of the ureter can be clearly seen. 
Each minor calvx has a cup-shaped appearance 
caused bv the renal papilla projecting into it. 


CLINICAL NOTES 
Peritoneum 

The peritoneal cavitv is the largest cavity in the 
body, since the surface area of the parietal and vis¬ 
ceral layers of peritoneum is enormous. The living 
peritoneum, unlike that seen in the cadaver, pos¬ 
sesses a certain degree of mobility on the extraper- 
itoneal fat and can be stretched without tearing. 
The peritoneal fluid not only lubricates the surfaces 
of the mobile viscera, but also contains leukocytes 
and antibodies, which have remarkable powers of 
resisting infection. 

As has been described previously, the peritoneal 
fluid circulates around the peritoneal cavity and 
quickly finds its wav into the lymphatics of the dia¬ 
phragm. While it is probable that peritoneal fluid 
can be absorbed at other sites in the peritoneal cav¬ 
ity, it is generally accepted that absorption from 
under the diaphragm is the most rapid route. In 
order to delay the absorption of toxins from intra- 
peritoneal infections, it is common nursing prac¬ 
tice to sit a patient up in bed with the back at an 
angle of 45 degrees. In this position the infected 
peritoneal fluid gravitates downward into the pel¬ 
vic cavity, where the rate of toxin absorption is slow 
(Fig. 5-65). 

The peritoneal cavity is divided into an upper 
part within the abdomen and a lower part in the 
pelvis. The abdominal part is further subdivided by 
the many peritoneal reflections into important fos¬ 
sae and spaces, which, in turn, are continued into 
the paracolic gutters. The attachment of the trans¬ 
verse mesocolon and the mesentery of the small in¬ 
testine to the posterior abdominal wall provides 
natural peritoneal barriers that may hinder the 


movement of infected peritoneal fluid from the up¬ 
per part to the lower part of the peritoneal cavity. 

With the patient in the supine position, it is in¬ 
teresting to note that the right subphrenic perito¬ 
neal space and the pelvic cavity are the lowest areas 
of the peritoneal cavity, and the region of the pelvic 
brim mavbe regarded as a watershed (Fig. 5-65). 

Collection of infected peritoneal fluid in one of 
the subphrenic spaces is often accompanied by in¬ 
fection of the adjoining pleural cavity. It is not un¬ 
common to find a localized empyema in a patient 
with a subphrenic abscess. It is believed that the 
infection spreads from the peritoneum to the 
pleura via the diaphragmatic lvmphatics. A patient 
with a subphrenic abscess often complains of pain 
over the shoulder. The skin of the shoulder is sup¬ 
plied bv the supraclavicular nerves (C3 and 4), 
which have the same segmental origin as the 
phrenic nerve, which supplies the peritoneum in 
the center of the undersurface of the diaphragm. 

Abdominal pain arising from the parietal peri¬ 
toneum is of the somatic type and can be precisely 
localized to the site of origin. It is usually severe in 
nature. The visceral peritoneum, including the 
mesentery, is sensitive to stretch and is innervated 
by autonomic nerves. Overdistention of a viscus 
will lead to the sensation of pain. The gastrointes¬ 
tinal tract itself arises embryologically as a midline 
structure and receives a bilateral nerve supply. Pain 
arising from an abdominal viscus is dull and poorly 
localized and is referred to the midline. The sites 
of origin of visceral pain are shown in Figure 5-66. 

Infection may gain entrance to the peritoneal 
cavitv through a number of routes: (1) from the 
interior of the gastrointestinal tract; (2) through 
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Fig. 5-65. Direction of flow of peritoneal fluid. (1) 
Normal flow upward to subphrenic spaces. (2) 
Flow of inflammatory exudate in peritonitis. (3) 
The two sites where inflammatory exudate tends to 
collect w hen patient is nursed in the supine posi¬ 
tion. (4) Accumulation of inflammatory exudate in 
pelvis when patient is nursed in inclined position. 
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esophagus has common sensation 



Fig. 5-66. Sites of origin of visceral pain in alimen¬ 
tary tract. 

the abdominal walls; (3) via the uterine tubes in 
the female (gonococcal peritonitis in the adult 
and pneumococcal peritonitis in the child occur 
through this route); and (4) bv the bloodstream, as 
in septicemia. 

An inflamed parietal peritoneum is extremely 
sensitive to stretching. This is made use of clinically 
in diagnosing peritonitis. Pressure is applied to the 
abdominal wall with a single finger over the site of 
inflammation. The pressure is then removed by 
suddenly withdrawing the finger. The abdominal 
wall rebounds, resulting in extreme local pain, 
which is known as rebound tenderness. 

It should always be remembered that the peri¬ 
toneum of the pelvis can be palpated through the 
rectum and the vagina. (See pp. 395 and 399.) An 
inflamed appendix may be hanging down in the 


pelvis, irritating the parietal peritoneum. In these 
circumstances, a rectal or vaginal examination 
with a gloved finger may detect extreme tenderness 
of the peritoneum on the right side. 

Since the peritoneum is a semipermeable mem¬ 
brane, it allows rapid bidirectional transfer of sub¬ 
stances across itself. Because its surface area is 
enormous, this transfer property has been made 
use of in peritoneal dialysis for acute renal insuffi¬ 
ciency. A watery solution, the dialvsate, is intro¬ 
duced through a catheter into the peritoneal cavity. 
The products of metabolism, such as urea, diffuse 
through the peritoneal lining cells from the blood 
vessels into the dialvsate and are removed from the 
patient. 

The greater omentum is often referred to by the 
surgeons as the “abdominal policeman.” The lower 
and the right and left margins are free, and it 
moves about the peritoneal cavity in response to 
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the peristaltic movements of the neighboring gut. 
In the first 2 years of life, it is poorly developed and 
thus is less protective in a young child. Later, how¬ 
ever, in an acutely inflamed appendix, for example, 
the inflammatory exudate causes the omentum to 
adhere to the appendix and wrap itself around the 
infected organ (Fig. 5-67). By this means the infec¬ 
tion is often localized to a small area of the peri¬ 
toneal cavity, thus saving the patient from a serious 
diffuse peritonitis. 

The greater omentum has also been found to 
plug the neck of a hernial sac and prevent the en¬ 
trance of coils of small intestine. 

The greater omentum may undergo torsion and 
if this is extensive, the blood supply to a part of it 
may be cut off, causing necrosis. Surgeons some¬ 
times use the omentum to buttress an intestinal 
anastomosis or in the closure of a perforated gas¬ 
tric or duodenal ulcer. 

The excessive accumulation of peritoneal fluid 
within the peritoneal cavity is called ascites . In a 
thin patient, as much as 1,500 ml has to accumu¬ 
late before ascites can be recognized clinically. In 
obese subjects a far greater amount has to collect 
before it may be detected. The withdrawal of per¬ 
itoneal fluid from the peritoneal cavity is described 
on page 192. 

Occasionally, a loop of intestine enters a perito¬ 
neal fossa (for example, the lesser sac or the duo¬ 
denal fossae) and becomes strangulated at the 
edges of the fossa. It is well to remember that very 
important structures form the boundaries of the 
entrance into the lesser sac, and that the inferior 
mesenteric vein often lies in the anterior wall of the 
paraduodenal fossa. 


Stomach 

The mucous membrane of the body of the stomach 
and, to a lesser extent, that of the fundus, produces 
acid and pepsin. The secretion of the antrum and 
pyloric canal is mucous and is weakly alkaline (Fig. 
5-68). The secretion of acid and pepsin is con¬ 
trolled by two mechanisms: (1) nervous and (2) 
hormonal. The vagus nerves are responsible for the 
nervous control, and the hormone gastrin , pro¬ 
duced bv the antral mucosa, is responsible for the 
hormonal control. In the surgical treatment of 
chronic gastric and duodenal ulcers, attempts are 
made to reduce the amount of acid secretion by 


section of the vagus nerves (vagotomy) and by re¬ 
moving the gastrin-bearing area of mucosa, the an¬ 
trum (partial gastrectomy). 

A chronic gastric ulcer occurs in the alkaline- 
producing mucosa, usually on or close to the lesser 
curvature. It invades the muscular coats and will, 
in time, involve the peritoneum, so that the stom¬ 
ach will adhere to neighboring structures. An ulcer 
situated on the posterior wall of the stomach may 
perforate into the lesser sac or become adherent to 
the pancreas. Erosion of the pancreas will produce 
pain referred to the back. The splenic artery runs 
along the upper border of the pancreas and erosion 
of this artery may produce fatal hemorrhage. A 
penetrating ulcer of the anterior stomach wall may 
result in the escape of stomach contents into the 
greater sac, producing diffuse peritonitis. The an¬ 
terior stomach wall may, however, adhere to the 
liver, and the chronic ulcer may penetrate the liver 
substance. 

The sensation of pain in the stomach is caused 
by the stretching or spasmodic contraction of the 
smooth muscle in its walls and is referred to the 
epigastrium. It is believed that the pain-transmit¬ 
ting fibers leave the stomach in company with the 
sympathetic nerves. They pass through the celiac 
ganglia and reach the spinal cord via the greater 
splanchnic nerves. 

Since the lymphatic vessels of the mucous mem¬ 
brane and submucosa of the stomach are in conti¬ 
nuity, it is possible for cancer cells to travel to dif¬ 
ferent parts of the stomach some distance away 
from the primary site. Cancer cells also often pass 
through or bv^pass the local lymph nodes and are 
held up in the regional nodes. For these reasons, 
malignant disease of the stomach is treated by total 
gastrectomy, which includes the removal of the 
lower end of the esophagus and the first part of the 
duodenum; the spleen and the gastrosplenic and 
lienorenal ligaments and their associated lymph 
nodes; the splenic vessels; the tail and body of the 
pancreas and their associated nodes; the nodes 
along the lesser curvature of the stomach; and the 
nodes along the greater curvature, along with the 
greater omentum. This radical operation is a des¬ 
perate attempt to remove the stomach en bloc and, 
with it, its lymphatic field. The continuity of the 
gut is restored by anastomosing the esophagus 
with the jejunum. 

Gastroscopy is the viewing of the mucous mem- 
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Fig. 5-67. (1) Normal greater omentum; (2) greater 
omentum wrapped around an inflamed appendix; 
(3) greater omentum adherent to base of gastric ul¬ 
cer. One important function of greater omentum is 
to attempt to limit spread of intraperitoneal infec¬ 
tions. 



Fig. 5-68. Areas of stomach that produce acid and 
pepsin (stipple) and alkali and gastrin (hatched). 


brane of the stomach through an illuminated tube 
fitted with a lens system. The patient is anesthe¬ 
tized and the gastroscope is passed into the stom¬ 
ach, which is then inflated with air. By using a flex¬ 
ible fiberoptic instrument, direct visualization of 
different parts of the gastric mucous membrane is 
possible. It is also possible to perform a mucosal 
biopsy through a gastroscope. 


Duodenum 

As the stomach empties its contents into the duo¬ 
denum, the acid chvme is squirted against the an¬ 
terolateral wall of the first part of the duodenum. 
This is thought to be an important factor in the 
production of a duodenal ulcer at this site. An ulcer 
of the anterior wall of the first inch of the duo¬ 
denum may perforate into the upper part of the 
greater sac, above the transverse colon. The trans¬ 
verse colon directs the escaping fluid into the right 
lateral paracolic gutter and thus down to the right 
iliac fossa. The differential diagnosis between a 
perforated duodenal ulcer and a perforated appen¬ 
dix may be very difficult. 

An ulcer of the posterior wall of the first part of 
the duodenum may penetrate the wall and erode 
the relatively large gastroduodenal artery, causing 
a very severe hemorrhage. 
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The importance of the duodenal fossae and the 
occurrence of herniae of the intestine have already 
been alluded to on page 282. 

The relation to the duodenum of the gallbladder, 
the transverse colon, and the right kidney should 
be remembered. Cases have been reported in 
which a large gallstone has ulcerated through the 
gallbladder wall into the duodenum. Operations 
on the colon and right kidney have resulted in dam¬ 
age to the duodenum. 


Jejunum and Ileum 

A physician should be able to distinguish between 
the large and small intestine. He may be called 
upon to examine a case of postoperative burst ab¬ 
domen, where coils of gut are lying free in the bed. 
The macroscopic differences are described on page 
238. 

The line of attachment of the mesentery of the 
small intestine to the abdominal wall should be re¬ 
membered. A tumor or cyst of the mesentery, when 
palpated through the anterior abdominal wall, will 
be more mobile in a direction at right angles to the 
line of attachment than alone: the line of attach- 

o 

ment. 

Pain fibers from the jejunum and ileum traverse 
the superior mesenteric sympathetic plexus and 
pass to the spinal cord via the splanchnic nerves. 
Referred pain from this segment of the gastrointes¬ 
tinal tract is felt in the dermatomes supplied by the 
ninth, tenth, and eleventh thoracic nerves. Stran¬ 
gulation of a coil of small intestine in an inguinal 
hernia first gives rise to pain in the region of the 
umbilicus. Only later, when the parietal perito¬ 
neum of the hernial sac becomes inflamed, does 
the pain become more intense and localized to the 
inguinal region. 

It will be appreciated that the superior mesen¬ 
teric artery and vein supply an extensive territory 
of the gut, from halfway down the second part of 
the duodenum to the left colic flexure. The lodge¬ 
ment of an embolus in the arterv or a thrombosis 
of the vein will result in death of this segment of 
the bowel, with fatal intestinal obstruction. If the 
diagnosis can be made early enough, surgical relief 
of the vessel obstruction can be carried out. 


Appendix 

The inconstancy of the position of the appendix 
should be borne in mind when one is attempting 
to diagnose an appendicitis. A retrocecal appendix, 
for example, may lie behind a cecum distended 
with gas, and thus it may be difficult to elicit ten- 
derness on palpation in the right iliac region. Irri¬ 
tation of the psoas muscle, on the other hand, may 
cause the patient to keep his right hip joint flexed. 

An appendix hanging down in the pelvis may re¬ 
sult in absent,abdominal tenderness in the right 
iliac region, but deep tenderness may be experi¬ 
enced in the hypogastric region. Rectal or vaginal 
examination may reveal tenderness of the perito¬ 
neum in the pelvis on the right side. 

The artery to the appendix does not anastomose 
with any other arterv. The blind end of the appen¬ 
dix is supplied bv the terminal branches of the ap¬ 
pendicular artery. Inflammatory edema of the ap¬ 
pendicular wall compresses the blood supply to the 
appendix, and often leads to thrombosis of the ap¬ 
pendicular artery. These conditions commonly re¬ 
sult in necrosis or gangrene of the appendicular 
wall, with perforation. 

Perforation of the appendix or transmigration of 
bacteria through the inflamed appendicular wall 
results in infection of the peritoneum of the greater 
sac. The part that the greater omentum may play 
in arresting the spread of the peritoneal infection 
has already been described on page 282. 

Visceral pain in the appendix is produced by dis¬ 
tention of its lumen or spasm of its muscle. The 
afferent pain fibers enter the spinal cord at the 
level of the tenth thoracic segment, and a vague 
referred pain is felt in the region of the umbilicus. 
Later, the pain shifts to where the inflamed appen¬ 
dix irritates the parietal peritoneum. Here, the pain 
is precise , severe , and localized . 


Cecum and Colon 

Cancer of the large bowel is relatively common in 
persons over 50 years of age. The growth is re¬ 
stricted to the bowel wall for a considerable time 
before it spreads via the lymphatics. Bloodstream 
spread via the portal circulation to the liver occurs 
late. If a diagnosis is made early and a partial col- 
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teniae coli 


appendices epiploicae. 



diverticulum 


Fig. 5-69. (1) Blood supply to colon and (2) forma¬ 
tion of diverticulum. Note passage of mucosal di¬ 
verticulum through circular muscle coat along 
course of artery. 

ectomy is performed, accompanied by removal of 
the lymph vessels and lvmph nodes draining the 
area, then a cure can be anticipated. 

Diverticulosis of the colon is a common clinical 
condition. It consists of a herniation of the lining 
mucosa through the circular muscle between the 
teniae coli. It occurs at points where the circular 
muscle is weakest, i.e., where the blood vessels 
pierce the muscle (Fig. 5-69). The common site for 
herniation is shown in Figure 5-69. 

Because of the anatomical mobility of the cecum 
and transverse colon, they may be brought to the 
surface through a small opening in the anterior ab¬ 
dominal wall. If the cecum or transverse colon is 
then opened, the bowel contents may be allowed to 
drain by this route. These procedures are referred 
to as cecostomy or transverse colostomy, respec¬ 
tively, and are used to relieve large-bowel obstruc¬ 
tions. 

The congenital anomaly of undescended cecum 


or a failure of rotation of the gut so that the cecum 
lies in the left fossa may give rise to confusion in 
diagnosis. The pain of appendicitis, for example, 
although initially starting in the umbilical region, 
may shift not to the right iliac fossa but to the right 
hvpochondrium or to the left iliac fossa. 


Liver 

The liver is the largest gland in the body and is 
concerned with the metabolism of the products of 
carbohydrate and protein digestion, which are con¬ 
veyed to it through the portal vein. The carbohy¬ 
drate is stored in the liver as glycogen, and the 
amino acids are synthesized into proteins or deam¬ 
inized with the formation of urea. The liver svn- 
thesizes heparin, an anticoagulant substance, and 
has an important detoxicating function. It pro¬ 
duces bile pigments from the hemoglobin of worn- 
out red blood corpuscles and secretes bile salts; 
these together are conveyed to the duodenum by 
the biliary ducts. 

The liver is held in position in the upper part of 
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the abdominal cavity by the attachment of the he¬ 
patic veins to the inferior vena cava. The peritoneal 
ligaments and the tone of the abdominal muscles 
play a minor role in its support. This fact is impor¬ 
tant surgically, since even if the peritoneal liga¬ 
ments are cut, the liver can be only slightly rotated. 

The liver is a soft, friable structure enclosed in a 
fibrous capsule. Its close relationship to the lower 
ribs must be emphasized. Fractures of the lower 
ribs or penetrating wounds of the thorax or upper 
abdomen are common causes of liver injury. Blunt 
traumatic injuries from automobile accidents are 
also common, and severe hemorrhage accompan¬ 
ies tears of this organ. 

Because anatomical research has shown that the 
bile ducts, hepatic arteries, and portal vein are dis¬ 
tributed in a segmental manner, appropriate liga¬ 
tion of these structures allows the surgeon to re¬ 
move large portions of the liver in patients with 
severe traumatic lacerations of the liver or with a 
liver tumor. Even large, localized carcinomatous 
metastatic tumors have been successfully removed. 

The majority of amebic abscesses in the liver are 
solitary and are located in the upper part of the 
right lobe. Diaphragmatic irritation may cause re¬ 
ferred pain over the shoulder, since the nervous im¬ 
pulses ascend in the phrenic nerves (C3, 4, and 5); 
and the supraclavicular nerves (C3 and 4) supply 
the skin in this area. 

Liver biopsy is a common diagnostic procedure. 
With the patient holding his or her breath in full 
expiration, to reduce the size of the costodiaphrag¬ 
matic recess and to reduce the likelihood of dam¬ 
age to the lung, a needle is inserted through the 
right eighth or ninth intercostal space in the mid- 
axillary line. The needle passes through the dia¬ 
phragm into the liver and a small biopsy of liver 
tissue is removed for microscopic examination. 


Portal Vein 

The portal vein conveys about 70 percent of the 
blood to the liver. The remaining 30 percent is ox¬ 
ygenated blood, which passes to the liver via the 
hepatic artery. The wide angle of union of the 
splenic vein with the superior mesenteric vein to 
form the portal vein has been shown to lead to 
streaming of the blood flow in the portal vein. The 
right lobe of the liver receives blood mainly from 
the intestine, whereas the left lobe plus the quad¬ 


rate lobe and the caudate lobe receive blood from 
the stomach and the spleen. This distribution of 
blood may explain the distribution of secondary 
malignant deposits in the liver. 

Portal hypertension is a common clinical condi¬ 
tion, and for this reason the list of portal-systemic 
anastomoses should be remembered. (See p. 238.) 
Enlargement of the portal-systemic connections is 
frequently accompanied by congestive enlargement 
of the spleen. Portacaval shunts for the treatment 
of portal hypertension may involve the anastomosis 
of the portal.vein, since it lies within the lesser 
omentum, to the anterior wall of the inferior vena 
cava behind the entrance into the lesser sac. The 
splenic vein may be anastomosed to the left renal 
vein, after removing the spleen. 

The important subphrenic spaces and their rela¬ 
tionship to the liver have been described on page 
215. It should be realized that under normal con¬ 
ditions these are potential spaces only, and the per¬ 
itoneal surfaces are in contact. An abnormal ac¬ 
cumulation of gas or fluid is necessary for the 
separation of the peritoneal surfaces. The anterior 
surface of the liver is normally dull on percussion. 
Perforation of a gastric ulcer is often accompanied 
by a loss of liver dullness, due to the accumulation 
of gas over the anterior surface of the liver and in 
the subphrenic spaces. 


Gallbladder and Biliaiy Ducts 

The liver excretes bile at a constant rate of about 
40 ml per hour. When digestion is not taking place, 
the sphincter of Oddi remains closed, and bile ac¬ 
cumulates in the gallbladder. The gallbladder has 
the following functions: It (1) concentrates bile, (2) 
stores bile, (3) selectively absorbs bile salts, keep¬ 
ing the bile acid, (4) excretes cholesterol, and (5) 
secretes mucus. 

A number of congenital anomalies occur in the 
biliary system, as well as a number of variations in 
the blood supply to the gallbladder (Figs. 5-70, 
5-71, and 5-72). The medical student should be 
aware of their existence, though the details need 
not be committed to memory. 

The gallbladder is supplied by nerves from both 
sides of the body via the celiac plexus. Spasm of the 
smooth muscle of the wall of the gallbladder in at¬ 
tempting to expel a gallstone gives rise to referred 
pain in the epigastrium. Afferent fibers from the 
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Congenital absence of gallbladder 




Double gallbladder 



Abnormally long cystic duct 




Fig. 5-70. Some common congenital anomalies of 
gallbladder. 
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Atresia of bile duct 




Atresia of entire extra hepatic apparatus Atresia of hepatic ducts 




Fig. 5-71. Some common congenital anomalies of 
biliary ducts. 

gallbladder and stomach are believed to enter the 
same segment of the spinal cord, so that gallblad¬ 
der disease may produce symptoms similar to 
those of gastric ulceration. 

Inflammation of the gallbladder may cause irri¬ 
tation of the subdiaphragmatic parietal perito¬ 
neum, which is supplied in part by the phrenic 
nerve (C3, 4, and 5). This may give rise to referred 
pain over the shoulder, since the skin in this area is 
supplied by the supraclavicular nerves (C3 and 4). 

Obstruction of the biliary ducts with a gallstone 
or bv compression bv a tumor of the pancreas re¬ 
sults in the backup of bile in the ducts and the de¬ 
velopment of jaundice. The impaction of a stone in 
the ampulla of Vater may result in the passage of 
infected bile into the pancreatic duct, producing 
pancreatitis. The anatomical arrangement of the 
terminal part of the bile duct and the main pan¬ 
creatic duct is subject to considerable variation. 
The type of duct system present will determine 


whether or not infected bile is likely to enter the 
pancreatic duct. 

Unlike the appendix, which has a single arterial 
supply, the gallbladder very rarely becomes gan¬ 
grenous. In addition to the cystic artery, the gall¬ 
bladder also receives small vessels from the visceral 
surface of the liver. 

Gallstones present in the gallbladder have been 
known to ulcerate through the wall into the trans¬ 
verse colon or into the duodenum. In the former 
case they are passed naturally per rectum, but in 
the latter case they may be held up at the ileocecal 
junction, producing intestinal obstruction. 

Sonograms can now be used to demonstrate the 
gallbladder (Fig. 5-73). 


Pancreas 

Anatomically, the pancreas is deeply placed within 
the abdomen and is well protected. However, 
blows on the abdomen and automobile accidents 
may cause tears in its structure. 
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Fig. 5-72. Some common variations of blood supply 
to gallbladder. 


The close relation of the pancreas to the poste¬ 
rior wall of the stomach may result in the organ’s 
involvement in a deep, penetrating ulcer of the 
stomach. The lesser sac is the immediate anterior 
relation of the pancreas, and inflammation or 
damage to the pancreas may result in effusion of 
peritoneal fluid into this space. Pseudocysts of the 
pancreas are due to cystic accumulations of fluid 
in the lesser sac. 

Because of the intimate relation of the head of 
the pancreas to the bile duct, cancer of the head of 
the pancreas often causes obstructive jaundice. 

The presence of the tail of the pancreas in the 
lienorenal ligament sometimes results in its dam¬ 
age during splenectomy. 


During development, the ventral bud of the pan¬ 
creas may become tethered to the posterior ab¬ 
dominal wall and fail to fuse correctly with the 
dorsal bud. Such a rare condition is known as an¬ 
il lar pancreas and may cause duodenal obstruc¬ 
tion. 


Spleen 

A pathologically enlarged spleen extends down¬ 
ward and medially. The left colic flexure and the 
phrenicocolic ligament prevent a direct downward 
enlargement of the organ. As the enlarged spleen 
projects below the left costal margin, its notched 
anterior border can be recognized by palpation 
through the anterior abdominal wall. 

The tail of the pancreas lies in the lienorenal lig¬ 
ament and in contact with the hilus of the spleen. 
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Fig. 5-73. Sonogram of upper part of abdomen 
showing the lumen of the gallbladder. (Courtesy of 
Dr. M. C. Hill.) 

Damage to the pancreas may occur during splenec¬ 
tomy operations. 

The spleen is situated at the beginning of the 
splenic vein, and in cases of portal hypertension it 
often enlarges from venous congestion. 

Although anatomically the spleen gives the ap¬ 
pearance of being well protected, automobile ac¬ 
cidents of the crushing or runover type common¬ 
ly produce laceration of the spleen. Penetrating 
wounds of the lower left thorax may also damage 
the spleen. 

Accessory spleens may be present in the area of 
the hilus or in the splenic ligaments. Sometimes 
they are present in the transverse mesocolon or 
mesentery of the small intestine. They exist in 
about 10 percent of subjects, and if forgotten dur¬ 
ing a splenectomy for the treatment of acholuric 
jaundice, for example, they may enlarge and result 
in a return of the symptoms. 


Kidneys 

The kidney is maintained in its normal position by 
intra-abdominal pressure and by its connections 
with the perirenal fat and renal fascia. Each kidney 
moves slightly with respiration. The right kidney 
lies at a slightly lower level than the left kidney, and 
the lower pole maybe palpated in the right lumbar 
region at the end of deep inspiration in a person 
with poorly developed abdominal musculature. 
Should the amount of perirenal fat be reduced, the 
mobility of the kidney may become excessive and 
produce symptoms of renal colic, due to kinking of 
the ureter. Excessive mobility of the kidney leaves 
the suprarenal gland undisturbed, since the latter 
occupies a separate compartment in the renal fas¬ 
cia. 

Malignant tumors of the kidney have a strong 
tendency to spread along the renal vein. The left 
renal vein receives the left testicular vein in the 
male, and this may rarely become blocked, pro¬ 
ducing left-sided variocele. (See p. 192.) 
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The kidney develops a pelvic organ and only later 
ascends into the abdomen to take up its final po¬ 
sition. Rarely is the ascent arrested. For a consid¬ 
eration of horseshoe kidney and other congenital 
anomalies, see Figure 5-44. 

Supernumerary renal arteries are relatively com¬ 
mon. They represent persistent fetal renal arteries, 
which grow in sequence from the aorta to supply 
the kidney as it ascends from the pelvis. Their oc¬ 
currence is clinically important, since a supernu¬ 
merary arterv may cross the pelviureteral junction 
and obstruct the outflow of urine, producing dila¬ 
tion of the calyces and pelvis, a Condition known as 
hydronephrosis (Fig. 5-44). 

The afferent nerves from the kidney enter the 
spinal cord at segments T10 and T12. Most com¬ 
mon diseases of the kidnev such as nephritis are 
unaccompanied bv pain. If pain does occur, it is 
usually a dull ache in the lumbar region. 


Ureter 

There are three sites of anatomical narrowing of 
the ureter where urinary calculi may be arrested, 
namely, the pelviureteral junction, the pelvic brim, 
and where the ureter enters the bladder. The ma¬ 
jority of calculi cast a shadow on radiographic ex¬ 
amination, and these are usually seen along the 
normal line of the ureter. It should be remembered 
that the ureter runs down in front of the tips of the 
transverse processes of the lumbar vertebrae, 
crosses the region of the sacroiliac joint, swings out 
to the ischial spine, and then turns medially to the 
bladder. 

The renal pelvis and the ureter send their affer¬ 
ent nerves into the spinal cord at segments Til and 
T12 and LI and L2. In ureteral colic, strong peri¬ 
staltic waves of contraction pass down the ureter 
in an attempt to pass the stone onward. The spasm 
of the smooth muscle causes an agonizing colicky 
pain, which is referred to the skin areas that are 
supplied by these segments of the spinal cord. 

The pain extends from the loin to the groin. 
When a calculus enters the low part of the ureter, 
the pain is felt at a lower level and is often referred 
to the testis in the male and the labium majus in 
the female. The cremaster muscle commonly con¬ 
tracts reflexlv due to nervous impulses passing 
down the genital branch of the genitofemoral 


nerve. A calculus in the lower pelvic part of the 
ureter may produce pain that is referred to the tip 
of the penis in the male. Sometimes ureteral pain 
is referred along the femoral branch of the genito¬ 
femoral nerve, so that pain is experienced in the 
front of the thigh. 

The physician should be aware of the common 
congenital anomalies of the ureter, which are sum- 
marized in Figure 5-45. It should be noted that in 
ectopic ureter, the lower end of the ureter does not 
open into the bladder, but in the male drains into 
the seminal vesicle or prostatic urethra, and in the 
female may open into the vagina. In all cases the 
opening is below the bladder sphincter, and the pa¬ 
tient is incontinent. 


Suprarenal Glands 

The suprarenal glands, together with the kidneys, 
are enclosed within the renal fascia; the suprarenal 
glands, however, lie in a separate compartment, 
which allows the two organs to be separated easily 
at operation. 

Because of their position on the posterior ab¬ 
dominal wall, few tumors of the suprarenal glands 
can be palpated. The injection of oxygen into the 
retroperitoneal tissues is a safe and easy procedure, 
which allows the glands to be visualized radi¬ 
ographically. This procedure may be combined 
with intranveous pyelography (see p. 276) and aor¬ 
tography for clearer visualization. CT scans can 
also be used. 

At birth, the suprarenal glands are relatively very 
large due to the presence of the fetal cortex; later, 
when this part of the cortex involutes, the gland 
becomes reduced in size. While the process of in¬ 
volution is proceeding, the cortex is friable and it is 
verv susceptible to damage and severe hemor¬ 
rhage. 

Suprarenal cortical hyperplasia is the common¬ 
est cause of Cushing’s syndrome, the clinical man¬ 
ifestations of which include moon-shaped face, 
truncal obesity, hirsutism, and hypertension; if the 
syndrome occurs later in life, it mav result from an 
adenoma or carcinoma of the cortex. Adrenocorti¬ 
cal insufficiency (Addison’s disease), which is char¬ 
acterized clinically by increased pigmentation, 
muscular weakness, weight loss, and hypotension, 
may be caused by tuberculous destruction or bilat¬ 
eral atrophy of both cortices. 
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Pheochromondoma , a tumor of the medulla, 
produces a paroxysmal or sustained hyper tension. 
The symptoms and signs result from the produc¬ 
tion of a large amount of catecholamines, which 
are then poured into the bloodstream. 

Lumbar sympathectomy is performed mainly to 
produce a vasodilation of the arteries of the lower 
limb in patients with vasospastic disorders. The 
preganglionic sympathetic fibers that supply the 
vessels of'the lower limb leave the spinal cord from 
segments Til to L2. They synapse in the lumbar 
and sacral ganglia of the sympathetic trunks. The 
postganglionic fibers join the lumbar and sacral 
nerves and are distributed to the vessels of the limb 
as branches of these nerves. Additional postgan¬ 
glionic fibers pass directly from the lumbar ganglia 
to the common and external iliac arteries, but they 
follow the latter artery only down as far as the in¬ 
guinal ligament. In the male a bilateral lumbar 
sympathectomy may be followed by loss of ejacu¬ 
latory power, but erection is not impaired. 


Aorta 

Localized or diffuse dilatations of' the abdominal 
part of' the aorta (aneurysms) usually occur below 


the origin of the renal arteries. The majority result 
from atherosclerosis and occur most commonly in 
elderly men. Large aneurysms should be surgically 
excised and replaced with a prosthetic graft. 

Gradual occlusion of the bifurcation of the ab¬ 
dominal aorta, produced bv atherosclerosis, results 
in the characteristic clinical symptoms of pain in 
the legs on walking (claudication) and impotence, 
the latter caused by lack of blood in the internal 
iliac arteries. In otherwise healthy individuals, sur¬ 
gical treatment bv thromboendarterectomy or a 
bypass graft should be considered. 

The bifurcation of the abdominal aorta where 
the lumen suddenly narrows may be a lodging site 
for an embolus discharged from the heart. Severe 
ischemica of the lower limbs results. 


Inferior Vena Cava 

The inferior vena cava is commonly compressed 
during the later stages of pregnancy bv the en¬ 
larged uterus. This produces edema of the ankles 
and feet and temporary varicose veins. Malignant 
retroperitoneal tumors may also compress the in¬ 
ferior vena cava. 


CLINICAL PROBLEMS 

1. A 45-year-old man was admitted to the emer¬ 
gency room complaining of severe pain in the 
right iliac region. He had repeatedly vomited, 
and his temperature and pulse rate were ele¬ 
vated. His history indicated that he had been 
suffering from acute appendicitis and that the 
pain had suddenly increased. On examination, 
the muscles of the lower part of the anterior 
abdominal wall in the right iliac region showed 
rigidity. The diagnosis of peritonitis following 
perforation of the appendix was made. Can you 
explain the rigidity of the abdominal muscles 
in anatomical terms? What anatomical struc¬ 
ture helps the body to localize inflammatory le¬ 
sions of the peritoneum? 

2. A 50-year-old man was admitted to the hospital 
following perforation of a gastric ulcer. He 
complained of severe epigastric pain, but also 
stated that he had discomfort over his right 


Answers on page 961 

shoulder. Explain in anatomical terms the right 
shoulder discomfort. 

3. A 65-vear-old man who had a history of a 
chronic duodenal ulcer over a 20-vear period 
was admitted to the hospital unconscious and 
exhibiting all the signs of a severe internal hem¬ 
orrhage. Which blood vessel was likely to have 
been eroded? 

4. At operation for treatment of a chronic gastric 
ulcer, it was found that the posterior wall of the 
patient's stomach was stuck down to the pos¬ 
terior abdominal wall. Which structures lie be¬ 
hind the stomach and were likely to be involved 
in the disease process? Name a large artery that 
runs behind the stomach and may become 
eroded by a chronic ulcer. 

5. A medical student was surprised to see a 
patient who had a perforated peptic ulcer 
propped up in bed at an angle of about 45 de- 
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grees. In anatomical terms, explain the reason 
for the patient's being placed in this position. 

6. A collection of infected material is present in 
the peritoneal cavity in the region of the ante¬ 
rior surface of the second part of the duo¬ 
denum. Indicate in anatomical terms the path¬ 
ways along which the material may spread to 
reach (a) the undersurface of the diaphragm 
and (b) the pelvic cavity. 

7. Name the sites in the abdominal part of the 
peritoneal cavity where herniation of loops of 
small intestine may occur. 

8. The diagnosis in a 50-vear-old woman was car¬ 
cinoma of the greater curvature of the stomach. 
What is the lymphatic drainage of the greater 
curvature of the stomach? Describe briefly the 
extent of the operation necessary to treat cancer 
of the stomach, and give your anatomical rea¬ 
sons. 

9. Following a barium meal in a normal person, 
the outline of the barium shadow in the first 
part of the duodenum was smooth. In the re¬ 
mainder of the duodenum, the barium was 
broken up, giving a floccular appearance. In 
anatomical terms, can you explain these differ¬ 
ences in appearance? 

10. In the treatment of chronic gastric and duo¬ 
denal ulcers, the surgeon attempts to reduce 
the amount of acid produced by the mucous 
membrane of the stomach. In anatomical and 
physiological terms, explain how this might be 
achieved. 

11. The differential diagnosis between a perforated 
duodenal ulcer and a perforated appendix may 
prove difficult. Can you explain this in anatom¬ 
ical terms? 

12. A 40-vear-old obese woman known to have a 
history of gallstones was admitted to the hos¬ 
pital with intestinal obstruction. Knowing that 
large gallstones occasionally ulcerate through 
the wall of the gallbladder into adjacent vis¬ 
cera, where would vou expect that such a gall¬ 
stone is likely to cause obstruction? 

13. A 5-vear-old child, recovering from an extensive 
abdominal operation, persistently cried for her 
parents. After 4 days it was decided to reduce 
the amount of sedation, whereupon she had at¬ 
tacks of screaming, was extremely restless, and 
could not be pacified. The attending physician 
was suddenly called to the bedside and was 


told bv the nurse that the abdominal wound 
had burst open and coils of gut were lying be¬ 
tween the sheets. The physician was asked 
whether the gut was small or large intestine. 
How would you recognize a piece of small or 
large intestine? How would you distinguish be¬ 
tween a piece of jejunum or ileum? 

14. A surgeon performing a difficult appendec¬ 
tomy was confronted bv a large number of 
adhesions in the peritoneal cavity in the right 
iliac region. He was unable to find the base of 
the appendix, although he could recognize the 
cecum. What anatomical structure on the 
cecum would enable him, without fail, to find 
the base of the appendix? 

15. Gangrene of an inflamed appendix is common, 
but gangrene of an inflamed gallbladder is 
rare. What is the blood supply of these two or¬ 
gans and how do they differ? 

16. The pain of acute appendicitis is felt first in the 
umbilical region and later in the right iliac re¬ 
gion. Can vou explain this in anatomical terms? 

17. Divert iculosis of the colon is a common disease. 
Is there an anatomical explanation for the de¬ 
velopment of this condition? 

18. Diseases of the gallbladder and the stomach 
produce pain or discomfort in the epigastrium. 
Trace the pain fibers from the gallbladder and 
stomach, and explain in anatomical terms why 
the pain sensation in these two organs is re¬ 
ferred to the epigastrium. 

19. The anatomical arrangement of the terminal 
part of the bile duct and the main pancreatic 
duct is subject to considerable variation. Which 
variations are likely to be associated with a 
pancreatitis should a gallstone become im¬ 
pacted at the lower end of the bile duct? 

20. Following a splenectomy, it was noticed that 
pancreatic juice was exuding through the pa¬ 
tient’s abdominal wound. Is the pancreas likely 
to be damaged during a splenectomy? Which 
part of the pancreas? 

21. On examination of the abdomen of a 35-vear- 
old woman, a large swelling was found to ex¬ 
tend downward and medially below the left 
costal margin. On percussion, a continuous 
band of dullness was noted to extend upward 
from the left of the umbilicus to the left axillary 
region. On palpation, a notch was felt along the 
anterior border of the swelling. Name the ana- 
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tomical structure producing the swelling, and 
state vour reasons. 

22. A patient with thrombocytopenic purpura was 
advised to have a splenectomy to stop the epi¬ 
sodes of bleeding from the gums and gastroin¬ 
testinal tract. The operation was successful. 
Eighteen months later the clinical features re¬ 
turned. Can you explain in anatomical terms 
the recurrence of the bleeding after the condi¬ 
tion had apparently been cured by splenec¬ 
tomy? 

23. An explorer in the Amazon jungle was found 
alive after having lost contact with the outside 
world for 6 months. On physical examination, 
he was found to be in an emaciated condition. 
On palpation of the abdomen, a rounded, 
smooth swelling appeared in the right loin at 
the end of inspiration. On expiration, the swell¬ 
ing moved upward and could no longer be felt. 
What anatomical structure could produce such 
a swelling? 

24. An intravenous pyelogram revealed that a pa¬ 
tient’s left kidney was in its normal position, 
but the right kidney was situated in front of the 
right sacroiliac joint. Can you explain this on 
embrvological grounds? 

25. An examination of a patient revealed that she 
had a horseshoe kidney. What anatomical 
structure prevents a horseshoe kidney from as¬ 
cending to a level above the umbilicus? 

26. An intravenous pyelogram revealed that the ca¬ 
lyces and pelvis of a patient’s right kidney were 
grossly dilated (a condition known as hydrone¬ 
phrosis). What embryological anomaly may be 
responsible for this condition? 

27. A 55-year-old woman was found rolling on her 
kitchen floor, crying out from agonizing pain in 
her abdomen. The pain came in waves and ex¬ 
tended from the right loin to the groin and to 
the front of the right thigh. An anteroposterior 
radiograph of the abdomen revealed a calculus 
in the right ureter, (a) What causes the pain 
when a ureteral calculus is present? (b) Why is 
the pain felt in such an extensive area? (c) 
Where does one look for the course of the ureter 
in a radiograph? (d) Where along the ureter is 
a calculus likely to be held up? 

28. Which congenital anomaly of the ureter is likely 
to present as a case of urinary incontinence? 

29. The marginal artery is important to surgeons 


operating on the colon. What is the so-called 
marginal artery? 

30. A 58-vear-old man complained of pain in the 
right leg when walking. He found he was able 
to walk a hundred yards, and then the intensity 
of the pain made him rest. After 5 minutes’ rest 
he could progress for another hundred yards 
before resting again. This syndrome is known 
as intermittent claudication. In this case it was 
due to occlusive disease of the arteries of the 
right leg. The patient was advised by his vas¬ 
cular surgeon to have a right lumbar sympa¬ 
thectomy. In anatomical terms, explain why 
such a sympathectomy may improve the con¬ 
dition. 

31. A 65-vear-old woman was admitted to the hos¬ 
pital with progressive jaundice of 3 months’ du¬ 
ration and weight loss. She had not experienced 
anv colicky pain. On examination, a soft swell¬ 
ing could be felt in the abdomen in the region 
of the tip of the right ninth costal cartilage. A 
diagnosis of cancer of the head of the pancreas 
was made. What anatomical structure is re¬ 
sponsible for the swelling? 

32. A 50-year-old woman with a history of flatulent 
dyspepsia suddenly experienced an excruciating 
colicky pain across the upper part of the abdo¬ 
men. On examination after the attack, some 
rigidity and tenderness was noted in the right 
hypochondrium. Two days later the patient be¬ 
came jaundiced, and it was noticed that the de¬ 
gree of jaundice varied from day to day. The 
diagnosis of biliary colic was made, (a) Why 
should a person passing a gallstone experience 
pain? (b) Why is the pain experienced in the 
area described above? (c) Why does the jaun¬ 
dice vary in intensity? 

33. A patient with advanced renal failure is waiting 
for a suitable kidney donor for a transplanta¬ 
tion operation. His blood urea nitrogen level is 
high and he is developing some of the signs of 
uremia. What method(s) is (are) available to 
keep this patient alive until a suitable donor 
can be found? 

34. A 56-vear-old man visited his physician com¬ 
plaining that he experiences severe pain in both 
legs when taking long walks. He has noticed re¬ 
cently that the cramplike pain occurs after 
walking only a hundred yards. On questioning, 
he said that the pain quickly disappears on rest 
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only to return after he walks the same distance. 
After questioning the patient further on his 
general health, the physician asked him about 
his sexual activity. The patient replied that his 
sex life had been entirely satisfactory until 6 
weeks ago when he experienced difficulty with 
erection. Using your knowledge of anatomy, ex¬ 
plain what is wrong with this patient. 

35. A 23-vear-old woman, who was 8 months preg¬ 


nant, told her obstetrician that she had recently 
noticed that her feet and ankles were swollen 
at the end of the day. She said that the swelling 
was worse if she had been standing for long 
periods. She also noticed that the veins around 
her ankles were becoming very prominent. As¬ 
suming that this patient’s general health is nor¬ 
mal, can you explain the changes in her legs? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answ er: 

(a) If (1) only is correct 

(b) If (2) ONLY ts CORRECT 

(c) If BOTH (1) AND (2) ARE CORRECT, AND 

(d) If NEITHER (1) NOR (2) IS CORRECT 

1. Which of the following statements is (are) cor¬ 
rect? 

(1) The right lateral paracolic gutter commu¬ 
nicates superiorly with the right sub- 
phrenic spaces and inferiorly with the pel- 
\ic cavity. 

(2) Referred pain resulting from acute appen¬ 
dicitis is felt initially in the region of the 
umbilicus. 

2. Which of the following statements is (are) cor¬ 
rect? 

(1) The body of the gallbladder lies between 
the caudate and the right lobes of the liver. 

(2) The ureters enter the pelvis at the point 
where the common iliac arteries bifurcate 
into internal and external iliac arteries. 

3. Which of the following statements is (are) cor¬ 
rect? 

(1) The phrenicocolic ligament extends from 
the diaphragm to the right colic flexure. 

(2) The tail of the pancreas extends into the 
gastrosplenic omentum and thus lies at 
the hilus of the spleen. 

4. Which of the following statements is (are) cor¬ 
rect? 

(1) The portal vein is formed by the union 
of the inferior mesenteric vein and the 
splenic vein. 

(2) The fundus of the gallbladder lies opposite 
the tip of the right seventh costal cartilage. 

5. Which of the following statements is (are) cor¬ 
rect? 


Answers on page 984 

(1) The left kidney is related posteriorly to the 
eleventh and twelfth ribs. 

(2) Sympathetic innervation to the transverse 
colon is bv nerves derived from both the 
superior and inferior mesenteric plexuses. 

In the following questions, answ er: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) AND (3) ONLY ARE CORRECT 

(c) If (2) AND (4) ONLY ARE CORRECT 

(d) If (4) ONLY IS CORRECT, OR 

(e) If all are correct 

6. Which of the following statements is (are) cor¬ 
rect? 

(1) The splenic artery runs along the upper 
border of the pancreas and lies behind the 
stomach. 

(2) The lesser curvature of the stomach re¬ 
ceives blood from the right and left gas¬ 
troepiploic arteries. 

(3) The lymphatic drainage from the lower 
one-third of the esophagus passes into the 
celiac nodes. 

(4) The parasympathetic innervation of the 
sigmoid colon is from the vagus nerves. 

7. Which of the following statements is (are) cor¬ 
rect? 

(1) The lesser omentum forms the anterior 
boundary into the lesser sac. 

(2) The thoracic duct leaves the abdominal 
cavity bv passing through the aortic open¬ 
ing. 

(3) The bile duct (common bile duct) de¬ 
scends behind the first part of the duo¬ 
denum. 

(4) The quadrate lobe of the liver drains into 
the left hepatic duct. 
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8. Which of the following statements is (are) cor¬ 
rect? 

(1) The preaortic lymph nodes drain lymph 
from the suprarenals and kidneys. 

(2) The branches of the superior mesenteric 
artery serving the jejunum form more ar¬ 
cades than those serving the ileum. 

(3) The coronary ligament of the liver lies an¬ 
terior to the abdominal portion of the 
esophagus. 

(4) The attachment of the hepatic veins to the 
inferior vena cava is one of the most im¬ 
portant supports of the liver. 

9. Which of the following statements is (are) cor¬ 
rect? 

(1) The circular muscle of the low^er end of the 
ileum serves as a sphincter at the junction 
of the ileum with the cecum. 

(2) The innervation of the parietal peritoneum 
at the periphery of the undersurface of the 
diaphragm is from the lower thoracic 
spinal nerves. 

(3) The pyloric sphincter closes as the result of 
the activity of the sympathetic part of the 
autonomic nervous system. 

(4) The anterior vagal trunk in front of the ab¬ 
dominal part of the esophagus is derived 
mainly from the left vagus nerve. 

10. Which of the following statements is (are) cor¬ 
rect? 

(1) The plicae circulares are more prominent 
at the distal end of the ileum than in the 
jejunum. 

(2) Peyer’s patches are present in the mucous 
membrane of the lower ileum along the 
antimesenteric border. 

(3) The spleen is easily recognized by the pres¬ 
ence of notches on its posterior border. 

(4) The cystic duct joins the common hepatic 
duct to form the bile duct. 

11. Which of the following statements concerning 
the pancreas is (are) correct? 

(1) The main pancreatic duct opens into the 
third part of the duodenum, 

(2) The pancreas receives part of its arterial 
supply from the splenic artery. 

(3) The uncinate process projects from the 
body of the pancreas. 

(4) The bile duct (common bile duct) lies pos¬ 
terior to the head of the pancreas. 


12. The hilus of the right kidney contains the fol¬ 
lowing important structures: 

(1) Branches of the renal artery 

(2) Renal pelvis 

(3) Sympathetic nerve fibers 

(4) Tributaries of the renal vein 

13. Which of the following statements is (are) true 
concerning the abdominal part of the aorta? 

(1) It enters the abdomen in front of the 
twelfth thoracic vertebra. 

(2) From its anterior surface arise the celiac, 
superior mesenteric, and inferior mesen¬ 
teric arteries. 

(3) It bifurcates into the two common iliac ar¬ 
teries in front of the fourth lumbar verte- ii 
bra. 

(4) It lies on the right side of the inferior vena 
cava. 


Select the best response: 

14. All of the following structures lie in front of the t 
right kidney except the: 

(a) Right lobe of liver 

(b) Second part of the duodenum 

(c) Right colic flexure 

(d) Coils of intestine 

(e) Head of the pancreas 

15. The following statements concerning the ab¬ 
dominal part of the sympathetic trunk are not 

true except that: 

(a) It enters the abdomen behind the lateral 
arcuate ligament. 

(b) The trunk possesses six segmentallv ar¬ 
ranged ganglia. 

(c) All the ganglia receive white rami com¬ 
municant es. 

(d) Gray rami communicantes are given off to 
the lumbar spinal nerves. 

(e) The splanchnic nerves from the thorax join 
the trunks below the diaphragm. 

16. The following statements concerning the lum¬ 
bar plexus are true except: 

(a) The plexus lies within the psoas muscle. 

(b) The plexus is formed from the posterior 
rami of the upper four lumbar nerves. 

(c) The femoral nerve emerges from the lat¬ 
eral border of the psoas muscle. 

(d) The obturator nerve emerges from the me- 
dial border of the psoas muscle. 
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(e) The iliohypogastric nerve emerges from 
the lateral border of the psoas muscle. 

17. The following veins form important portal-sys¬ 
temic anastomoses except: 

(a) The esophageal branches of the left gastric 
vein and tributaries of the azygos veins. 

(b) The superior rectal vein and the inferior 
vena cava. 

(c) The paraumbilical veins and the superfi¬ 
cial veins of the anterior abdominal wall. 

(d) The veins of the ascending and descending 
parts of the colon with the lumbar veins. 

(e) The veins from the bare areas of the liver 
with the phrenic veins. 

18. Which of the following roots of the lumbar 
plexus contribute to the sacral plexus? 

(a) L3 

(b) L2 

(c) L4 

(d) LI 

(e) All of the above 

19. The following statements concerning the ure¬ 
ters are true except: 

(a) Both have three anatomical sites that are 
constricted. 

(b) Both receive their blood supply from the 
testicular and ovarian arteries. 

(c) Both are separated from the transverse 
processes of the lumbar vertebrae bv the 
psoas muscles. 

(d) Both pass anterior to the testicular or ovar¬ 
ian vessels. 

(e) Both he anterior to the sacroiliac joints. 

20. Concerning the inferior mesenteric artery, all of 
the following statements are true except: 

(a) Its colic branch supplies the descending 
colon. 

(b) It gives off’ the inferior pancreaticoduo¬ 
denal artery. 

(c) It supplies the sigmoid colon. 

(d) Its branches contribute to the marginal ar¬ 
tery. 


(e) It arises from the aorta immediately below 
the third part of the duodenum. 

21. The following statements concerning the left 
suprarenal gland are incorrect except: 

(a) It extends behind the inferior vena cava. 

(b) It is separated from the left kidney by the 
pararenal fat. 

(c) Its vein drains into the left renal vein. 

(d) It is usually located on the upper pole and 
lateral border of the left kidney. 

(e) The medulla is innervated by postgan¬ 
glionic svmpathetic nerve fibers. 

22. Which of the following structures is not present 
within the lesser omentum? 

(a) Portal vein 

(b) Bile duct 

(c) Inferior vena cava 

(d) Hepatic artery 

(e) Lvmph nodes 


Match the area of the stomach on the left with 
the appropriate arterial supply on the right: 


23. Fundus 

24. Right half of 
greater curvature 

25. Left half of greater 
curvature 


(a) Left gastroepiploic 
artery 

(b) Left gastric artery 

(c) Short gastric 
arteries 

(d) Right gastric artery 

(e) None of the above 


Match the arterial branches on the left with 
their origin on the right: 


26. Gastroduodenal 
artery' 

27. Middle colic artery 

28. Left gastroepiploic 
artery' 

29. Ileocolic artery 

30. Superior rectal 
arterv 


(a) Inferior mesenteric 

(b) Hepatic 

(c) Splenic 

(d) Superior mesenteric 

(e) None of the above 
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6. The Pelvis: Part I 
The Pelvic Walls 


The pelvis* * is the region of the trunk that lies below 
the abdomen. Although the abdominal and pelvic 
cavities are continuous, the two regions are de ¬ 
scribed separatel y. 


SURFACE ANATOMY _ 

Surface Landmarks 

Iliac Crest 

This can be felt through the skin along its entire 
length (Figs. 6-1, 6-2, and 6-3). 


Anterior Superior Iliac Spine 

This is situated at the anterior end of the iliac crest 
and lies at the upper lateral end of the fold of the 
groin (Figs. 6-1, 6-2, and 6-3). 


*The term pelvis is loosely used to describe the region where 
the trunk and lower limbs meet. The word “pelvis” means a 
basin and is more correctly applied to the skeleton of the re¬ 
gion, i.e., the pelvic girdle or bonv pelvis. 


Posterior Superior Iliac Spine 

This is situated at the posterior end of the iliac crest 
(Fig. 6-3). It lies at the bottom of a small skin dim¬ 
ple and on a level with the second sacral spine, 
which coincides with the lower limit of the sub¬ 
arachnoid space. 


Pubic Tubercle 

This can be felt on the upper border of the pubis 
(Figs. 6-1, 6-2, and 6-3). Attached to it is the me¬ 
dial end of the inguinal ligament. The tubercle can 
be palpated easily in the male by inverting the scro¬ 
tum from below with the examining finger. In the 
female the pubic tubercle can be palpated through 
the lateral margin of the labium majus. 


Symphysis Pubis 

This is the cartilaginous joint that lies in the mid¬ 
line between the bodies of the pubic bones (Figs. 6- 
3 and 6-5). It can be palpated as a solid structure 
through the fat that is present in this region. 
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Fig. 6-1. Anterior view of pelvis of a 27-year-old 
male. 


Pubic Crest 

This is the ridge of bone on the superior surface of 
the pubic bone, medial to the pubic tubercle (Figs. 
6-3 and 6-5). 


Spinous Processes of Sacrum 

These processes (Fig. 6-3) are fused with each other 
in the midline to form the median sacral crest. The 
crest can be felt beneath the skin in the uppermost 
part of the natal cleft between the buttocks. 


Sacral Hiatus 

This is situated on the posterior aspect of the lower 
end of the sacrum, and it is here that the extradural 
space terminates (Fig. 6-3). The hiatus lies about 2 
inches (5 cm) above the tip of the coccyx and be¬ 
neath the skin of the natal cleft. 


Coccyx 

The inferior surface and tip of the coccvx (Fig. 6-3) 
can be palpated in the natal cleft about 1 inch (2.5 
cm) behind the anus. The anterior surface of the 
coccvx may be palpated with a gloved finger in the 
anal canal. 
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Fig. 6-2. Anterior view of pelvis of a 29-year-old 
female. 


Viscera 

URINARY BLADDER 

In the young child the bladder is an abdomino-pel- 
vic organ, and when filled, it can be palpated 
through the anterior abdominal wall above the 
symphysis pubis. With growth, the pelvic cavity en¬ 
larges and the bladder becomes a pelvic organ (Fig. 
6-4). However, even in the adult, when the bladder 
fills, its superior wall rises out of the pelvis and 
may be palpated through the anterior abdominal 
wall. 


UTERUS 

Toward the end of the second month of pregnancy, 
the fundus of the uterus may be palpated through 
the lower part of the anterior abdominal wall. 
With the progressive enlargement of the uterus, the 
fundus rises above the level of the umbilicus and 
reaches the region of the xiphoid process by the 


ninth month of pregnancy (Fig. 6-4). Later, when 
the presenting part of the fetus, usually the head, 
descends into the pelvis, the fundus of the uterus 
descends also. 


Rectal and Vaginal Examinations as a 
Means of Palpating the Pelvic Viscera 

Bimanual recto-abdominal and vaginal-abdominal 
examinations are extremely valuable methods of 
palpating the pelvic viscera; they are described in 
detail on pages 395-399. 


THE PELVIS 

The bony pelvis is composed of four bones: the two 
innominate bones, or hip bones, which form the 
lateral and anterior walls, and the sacrum and the 
coccyx, which are part of the vertebral column, 
form the back wall (Fig. 6-5). The pelvis is divided 
into two parts by the pelvic brim , which is formed 
bv the sacral promonton’ behind, the iliopectineal 
lines laterally, and the symphysis pubis anteriorly. 
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Fig. 6-3, Relationship between different parts of 
pelvis and body surface. 


Fig. 6-4, (A) Surface anatomy of empty bladder and 
full bladder and (B) height of fundus of uterus at 
various months of pregnancy . 
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Fig. 6-5. (A) Male pelvis anti (B) female pelvis, as 
seen on anterior view. 









bv the iliac fossae and the iliacus muscles, and in 
front by the lower part of the anterior abdominal 
wall. The false pelvis flares out at its upper end and 
should be considered as part of the abdominal cav¬ 
ity. It supports the abdominal contents and after 
the third month of pregnancy helps to support the 
gravid uterus. During the early stages of labor it 
helps to guide the fetus into the true pelvis. 


The hue Pelvis 

The true pelvis is a bowl-shaped structure that con¬ 
tains and protects the lower parts of the intestinal 
and urinary tracts and the internal organs of repro¬ 
duction. Knowledge of the shape and dimensions 
of the female pelvis is of great importance for ob¬ 
stetrics, since it is the bonv canal through which 
the child passes during birth. 

The true pelvis has an inlet, an outlet, and a cav- 
itv. The pelvic inlet, or pelvic brim (Fig. 6-6), is 


Fig. 6-6. Right half of pelvis, showing the pelvic in¬ 
let, pelv ic outlet, and sacrotuberous and sacrospi- 
nous ligaments. 

Above the brim is the jal.se pelvis, or greater pelvis, 
which forms part of the abdominal cavity. Below 
the brim is the true pelvis, or lesser pelvis. 

It is important that the student, at the outset, 
understand the correct orientation of the bony pel¬ 
vis relative to the trunk, with the individual stand¬ 
ing in the anatomical position. The front of the 
symphysis pubis and the anterior superior iliac 
spines should lie in the same vertical plane. This 
means that the pelvic surface of the svmphysis 
pubis faces upward and backward and the anterior 
surface of the sacrum is directed forward and 
downward. 


The False Pelvis 

The false pelvis is of little clinical importance. It is 
bounded behind by the lumbar vertebrae, laterally 
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Fig. 6-7. Right half of pelvis, showing pelvic w alls. 

bounded posteriorly by the sacral promontory, lat¬ 
erally bv the iliopectineal lines, and anteriorly by 
the symphysis pubis (Fig. 6-5). 

The pelvic outlet (Fig. 6-6) is bounded posteriorly 
by the coccyx, laterally by the ischial tuberosities, 
and anteriorly by the pubic arch (Figs. 6-6 and 6- 
12). The pelvic outlet does not present a smooth 
outline but has three wide notches. Anteriorly, 
there is the pubic arch between the ischiopubic 
rami, and, laterally, there are the sciatic notches. 
The sciatic notches are divided by the sacrotuber- 
ous and sacrospinous ligaments (Figs. 6-5 and 6-6) 
into the greater and lesser sciatic foramina (see 
page 312). From a practical standpoint, since the 
sacrotuberous ligaments are strong and relatively 
inflexible, they should be considered to form part 
of the perimeter of the pelvic outlet. Thus, the out¬ 
let is diamond-shaped, with the ischiopubic rami 
and the symphysis pubis forming the boundaries 


in front, and the sacrotuberous ligaments and the 
coccvx forming the boundaries behind. 

The pelvic cavity lies between the inlet and the 
outlet. It is a short, curved canal, with a shallow 
anterior wall and a much deeper posterior wall 
(Fig. 6-6). 


Structure of the Pelvic Walls 

The walls of the pelvis are formed by bones and 
ligaments that are partly lined with muscles cov¬ 
ered with fascia and parietal peritoneum. The pel¬ 
vis has anterior, posterior, and lateral walls and it 
also has an inferior wall or floor (Fig. 6-7). 


ANTERIOR PELVIC WALL 

The anterior pelvic wall is the shallowest wall and 
is formed by the posterior surfaces of the bodies of 
the pubic bones, the pubic rami, and the symphysis 
pubis (Fig. 6-8). 
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superior ramus of pubis 



Fig. 6-8. Anterior wall of pelvis (posterior view). 


POSTERIOR PELVIC WALL 

The posterior pelvic wall is extensive and is formed 
by the sacrum and coccyx (Fig. 6-9) and by the pir¬ 
iformis muscles (Fig. 6-11) and their covering of 
parietal pelvic fascia. 


Sacrum 

The sacrum consists of five rudimentary vertebrae 
fused together to form a wedge-shaped bone, 
which is concave anteriorly (Fig. 6-9). The upper 
border or base of the bone articulates with the fifth 
lumbar vertebra. The narrow inferior border artic¬ 
ulates with the coccyx. Laterally, the sacrum artic¬ 
ulates with the two innominate (hip) bones to 
form the sacroiliac joints (Fig. 6-5). The anterior 
and upper margins of the first sacral vertebra 
bulge forward as the posterior margin of the pelvic 
inlet, which is known as the sacral promontory. 

The vertebral foramina are present and, to¬ 
gether, form the sacral canal. The laminae of the 
fifth sacral vertebra, and sometimes those of the 
fourth also, fail to meet in the midline, forming the 
sacral hiatus (Fig. 6-9). The sacral canal contains 
part of the cauda equina, filum terminale, and 
meninges, down as far as the lower border of the 
second sacral vertebra. The lower part of the sacral 
canal contains the lower sacral and coccygeal nerve 


roots, the filum terminale, and fibro-fattv material 
(Fig. 6-10). 

The anterior and posterior surfaces of the sac¬ 
rum possess on each side four foramina for the 
passage of the anterior and posterior rami of the 
upper four sacral nerves (Fig. 6-9). 

The sacrum is usually wider in proportion to its 
length in the female than in the male. The sacrum 
is tilted forward so that it forms an angle with the 
fifth lumbar vertebra, called the lumbosacral an¬ 
gle. 


Coccyx 

The coccvx consists of four rudimentary vertebrae 
fused together to form a small triangular bone, 
which articulates at its base with the lower end of 
the sacrum (Fig. 6-9). 

The coccygeal vertebrae consist of bodies only, 
but the first vertebra possesses a rudimentaiy 
transverse process and cornua. The cornua are the 
remains of the pedicles and superior articular pro¬ 
cesses and project upward to articulate with the 
sacral cornua (Fig. 6-9). 


Piriformis Muscle 

The piriformis muscle arises from the front of the 
lateral masses of the sacrum and leaves the pelvis 
to enter the gluteal region by passing laterally 
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Fig. 6-9. Sacrum. (A) Anterior view and (B) poste- 
rior view . 
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Fig. 6-10. Sacrum from behind. Laminae have been 
removed to show sacral nerve roots lying within 
sacral canal. Note that in the adult, the spinal cord 
ends below at the level of the lower border of the 
first lumbar vertebra. 
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symphysis pubis 


Fig. 6-11. Posterior wall of pelvis. 


through the greater sciatic foramen (Fig. 6-11). It 
is inserted into the upper border of the greater tro¬ 
chanter of the femur. 


Action 

It is a lateral rotator of the femur at the hip joint. 


Nerve Supply 

It receives branches from the sacral plexus. 


LATERAL PELVIC WALL 

The lateral pelvic wall is formed by part of the in¬ 
nominate bone below the pelvic inlet, the obturator 
membrane, the sacrotuberous and sacrospinous 
ligaments, and the obturator internus muscle and 
its covering fascia. 


Innominate, or Hip, Bone 

Each innominate bone consists of the ilium, the is¬ 
chium, and the pubis (Fig. 6-12). At puberty these 
three bones fuse together to form one large, irreg¬ 
ular bone. On the outer surface of the innominate 
bone is a deep depression, the acetabulum, which 
articulates with the hemispherical head of the fe¬ 
mur (Fig. 6-12). Behind the acetabulum is a large 
notch, the greater sciatic notch, which is separated 
from the lesser sciatic notch by the spine of the is¬ 
chium (Fig. 6-12). 

The upper flattened part of the bone is formed 
by the ilium and has the iliac crest running be¬ 
tween the anterior and posterior superior iliac 
spines. Below these spines are the corresponding in- 


Fig. 6-12. Right innominate bone. (A) Medial sur¬ 
face and (B) lateral surface. Note the lines of fusion 
between the three bones—the ilium, the ischium, 
and the pubis. 
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fcrior iliac spines. On the inner surface of the ilium 
is the large auricular suiface for articulation with 
the sacrum. The iliopectineal line runs downward 
and forward around the inner surface of the ilium 
and serves to divide the false from the true pelvis. 

The ischium is the inferior and posterior part of 
the innominate bone and possesses an ischial spine 
and an ischial tuherosit}’ (Fig. 6-12). 

The pubis is the anterior part of the innominate 
bone and has a body and superior and inferior pu¬ 
bic rami. The body of the pubis bears the pubic 
crest and the pubic tubercle and articulates with the 
pubic bone of the opposite side at the symphysis 
pubis. In the lower part of the innominate bone is 
a large opening, the obturator foramen, which is 
bounded by the parts of the ischium and pubis 
(Fig. 6-12).' 


Obturator Membrane 

The obturator membrane is a fibrous sheet that al¬ 
most completely closes the obturator foramen, 
leaving a small gap, the obturator canal, for the 
passage of the obturator nerve and vessels as they 
leave the pelvis to enter the thigh (Fig. 6-12). 


Sacrotuberous Ligament 

The sacrotuberous ligament is strong and extends 
from the lateral part of the sacrum and coccyx and 
the posterior inferior iliac spine to the ischial tub¬ 
erosity (Figs. 6-6 and 6-11). 


Sacrospinous Ligament 

The sacrospinous ligament is strong and triangular 
in shape. It is attached by its base to the lateral part 
of the sacrum and coccyx and by its apex to the 
spine of the ischium (Figs. 6-6 and 6-11). 

The sacrotuberous and sacrospinous ligaments 
prevent the lower end of the sacrum and the coccyx 
from being rotated upward at the sacroiliac joint 
by the weight of the body (Fig. 6-19). The two lig¬ 
aments also convert the greater and lesser sciatic 
notches into foramina, the greater and lesser sciatic 
foramina. 


Obturator Interims Muscle 

The obturator interims muscle arises from the pel¬ 
vic surface of the obturator membrane and the ad¬ 
joining part of the hip bone (Fig. 6-13). The muscle , 
fibers converge to a tendon, which leaves the pelvis 
through the lesser sciatic foramen and is inserted 
into the greater trochanter of the femur. 


Action 

_ . ________ 

The obturator interims is a lateral rotator of the 
femur at the hip joint. 


Nerve Supply 

The muscle is supplied by the nerve to obturator 
interims, a branch from the sacral plexus. 


INFERIOR PELVIC WALL, 

OR PELVIC FLOOR 

The floor of the pelvis supports the pelvic viscera 
and is formed by the pelvic diaphragm. 

The pelvic floor stretches across the pelvis and 
divides it into the main pelvic cavity above, which ^ 
contains the pelvic viscera, and the perineum be¬ 
low. The perineum is considered in detail in Chap¬ 
ter 8. 


PELVIC DIAPHRAGM 

The pelvic diaphragm is formed by the important 
levatores ani muscles and the small coccygeus 
muscles and their covering fasciae (Fig. 6-14). It is 
incomplete anteriorly, to allow for the passage of 
the urethra and in the female, the vagina also. 


Le\>ator Ani Muscle 

The levator ani muscle is a wide thin sheet that has 
a linear origin from the back of the body of the 
pubis, a tendinous arch formed by a thickening of 
the pelvic fascia covering the obturator internus, 
and the spine of the ischium (Fig. 6-14). From this 
extensive origin, groups of fibers sweep downward 
and medially to their insertion (Fig. 6-15), as fol¬ 
lows: 
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Fig. 6-13. Lateral wall of pelvis. 


1. Anterior fibers. The levator prostatae or sphinc¬ 
ter vaginae forms a sling around the prostate or 
vagina and is inserted into the perineal body. 

2. Intermediate fibers. The puborectalis forms a 
sling around the junction of the rectum and anal 
canal. The pubococcygeus passes posteriorly to 
be inserted into a median raphe, the anococcy¬ 
geal body, between the tip of the coccyx and the 
anal canal; it may also be attached to the coccyx. 

3. Posterior fibers. The iliococcygeus is inserted into 
the anococcygeal body and the coccyx. 


Action 

The levatores ani muscles of the two sides form an 
efficient muscular sling that supports and main¬ 
tains the pelvic viscera in position. They resist the 
rise in intrapelvic pressure during the straining and 
expulsive efforts of the abdominal muscles (as oc¬ 
curs in coughing). Further, they have an important 


sphincter action on the anorectal junction, and in 
the female they serve also as a sphincter of the va- 
gina. 


Nerve Supply 

This is derived from the perineal branch of the 
fourth sacral nerve and from the perineal branch 
of the pudendal nerve (or the inferior rectal nerve). 


Coccygeas Muscle 

The coccvgeus muscle is a small muscle that arises 
from the spine of the ischium and is inserted into 
the lower end of the sacrum and upper part of the 
coccyx (Figs. 6-14 and 6-15). 


Action 

The two muscles assist the levatores ani in sup¬ 
porting the pelvic viscera. They can also flex the 
coccyx. 
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Fig. 6-14. Inferior wall or floor of pelvis. 


Nerve Supply 

The coccygeus muscle is supplied by a branch of 
the fourth and fifth sacral nerves. 

A summary of the muscles of the pelvic walls 
and floor, their nerve supply, and their action is 
given in Table 6-1. 


PELVIC FASCIA 

The pelvic fascia may be divided into the parietal 
and visceral layers. 


Parietal Pelvic Fascia 

The parietal pelvic fascia lines the walls of the pel¬ 
vis and may be named according to the muscle it 
overlies. For example, over the obturator internus 
muscle it is dense and strong and is known as the 
obturator internus fascia (Fig. 6-16). Above the pel¬ 


vic inlet it is continuous with the fascia lining the 
abdominal walls. 


Visceral Pelvic Fascia 

The visceral pelvic fascia is a layer of loose connec¬ 
tive tissue that covers all the pelvic viscera. It is 
continuous with the fascia on the upper surface of 
the levator ani muscle (Fig. 6-16). 


PERITONEUM 

The parietal peritoneum lines the pelvic walls and 
is reflected onto the pelvic viscera, where it be¬ 
comes continuous with the visceral peritoneum 
(Fig. 6-16). 


Nerves of the Pelvic Walls 

Sacral Plexus 

The sacral plexus is formed from the anterior rami 
of the fourth and fifth lumbar nerves and the an- 
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symphysis pubis 



Fig. 6-15. Levator ani muscle (dark brown) and 
coccvgeus muscle flight brown) seen on their infe¬ 
rior aspects. Note that the levator ani is made up of 
a number of different muscle groups. The levator 
ani and coccygeus muscles with their fascial cover¬ 
ings form a continuous muscular floor to the pelvis 
known as the pelvic diaphragm. 
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Table 6-1. Muscles 

of the Pelvic Walls and Floor 



Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Piriformis 

Front of sacrum 

Greater trochanter 
of' femur 

Sacral plexus 

Lateral rotator of 
femur at hip joint 

Obturator interims 

Obturator 

membrane and 
adjoining part of 
hip bone 

Great trochanter of 
femur 

Nerve to obturator 
interims from 
sacral plexus 

Lateral rotator of 
femur at hip joint 

Levator ani 

Body of pubis, 
fascia of 
obturator 
interims, spine of 
ischium 

Perineal body, 
anococcygeal 
body, walls of 
prostate, vagina, 
rectum, and anal 
canal 

Fourth sacral nerve, 
pudendal nerve 

Supports pelvic 
viscera; sphincter 
to anorectal 
junction and 
vagina 

Coccvgeus 

Spine of ischium 

Lower end of 
sacrum; coccyx 

Fourth and fifth 
sacral nerve 

Assists levator ani to 
support pelvic 
viscera; flexes 

coca^x 


tcrior rami of the first, second, third, and fourth 
sacral nerves (Fig. 6-17). Note that the contribution 
from the fourth lumbar nerve joins the fifth lum¬ 
bar nerve to form the lumbosacral trunk. The lum¬ 
bosacral trunk passes down into the pelvis and 
joins the sacral nerves as thev emerge from the an¬ 
terior sacral foramina. 


Relations 

Anteriorly 

The parietal pelvic fascia, which separates the 
plexus from the internal iliac vessels and their 
branches, and the rectum (Fig. 6-13). 


Posteriorly 

The piriformis muscle (Fig. 6-18). 


Branches 

1. Branches to the lower limb that leave the pelvis 
through the greater sciatic foramen (Fig. 6-13): 

(a) The sciatic nerve (L4 and 5; Si, 2, and 3) 
is the largest branch of the plexus and the 
largest nerve in the bodv (Fig. 6-11). 

(b) The superior gluteal nerve, which supplies 


the gluteus medius and minimus and the 
tensor fasciae latae muscles. 

(c) The inferior gluteal nerve , which supplies = 
the gluteus maximus muscle. 

(d) The nerve to the quadratus femoris muscle , 
which also supplies the inferior gamellus , 
muscle. 

(e) The neive to the obturator interims muscle , 
which also supplies the superior gamellus 
muscle. 

(fj The posterior cutaneous nerve of the thigh , 
which supplies the skin of the buttock and 
the back of the thigh. 

2. Branches to the pelvic muscles, pelvic viscera, 
and perineum. 

(a) The pudendal nerve (S2, 3, and 4), which 
leaves the pelvis through the greater sciatic 
foramen and enters the perineum through 
the lesser sciatic foramen (Fig. 6-13). 

(b) The nerves to the piriformis muscle . 

(c) The pelvic splanchnic nerves. These consti¬ 
tute the sacral part of the parasympathetic 
system and arise from the second, third, 
and fourth sacral nerves. They are distrib¬ 
uted to the pelvic viscera. 

3. The perforating cutaneous nerve , which sup¬ 
plies the skin of the lower medial part of the 
buttock. 
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external iliac vessels 


left ureter 


left common iliac vessels 
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Fig. 6-16. Coronal section through pelvis, 
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Fig. 6-17. Sacral plexus. 


Pelvic Part of the Sympathetic Trunk 

The pelvic part of the sympathetic trunk is contin¬ 
uous above, behind the common iliac vessels, with 
the abdominal part (Fig. 6-18). It runs down be¬ 
hind the rectum on the front of the sacrum, medial 
to the anterior sacral foramina. The sympathetic 
trunk has four or five segmentally arranged gan¬ 
glia. Below, the two trunks converge and finally 
unite in front of the coccyx. 


Branches 

1. Gray rami communicantes to the sacral and coc¬ 
cygeal spinal nerves. 


2. Fibers that join the pelvic plexuses. Note that no 
white rami communicantes pass to this part of 
the sympathetic trunk. 


Superior Hypogastric Plexus 
(Presacral Nerve) 

The superior hypogastric plexus lies in the retro¬ 
peritoneal tissue in front of the promontory of the 
sacrum and between the common iliac arteries 
(Fig. 6-18). It is formed from (1) the aortic sym¬ 
pathetic plexus and (2) branches of the lumbar 
sympathetic ganglia. As the superior hypogastric 
plexus enters the pelvis, it divides into right and 
left inferior hypogastric plexuses (pelvic plexuses). 
Each inferior hypogastric plexus runs down on the 
medial side of the internal iliac artery and its 
branches and lateral to the rectum. It is joined on 
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aorta 


aortic plexus 


lumbosacral trunk 


obturator nerve 



lumbar sympathetic trunk 

superior hypogastric plexus 

common iliac artery 


sacral S2—-^ - L 

plexus 


pudendal nerve 

piriformis muscle 
coccygeus muscle 

obturator nerve 


external iliac artery 
internal iliac artery 


right and left inferior 
hypogastric plexuses 


pelvic sympathetic trunk 


median sacral artery 


Fig. 6-18. Posterior pelvic wall, showing sacral 
plexus, superior hypogastric plexus, and right and 
left inferior hypogastric plexuses. Pelvic parts of 
sympathetic trunks are also shown. 

each side by parasympathetic nerve fibers called 
the pelvic splanchnic nerve. The right and left infe¬ 
rior hypogastric plexuses thus contain both sym¬ 
pathetic and parasympathetic nerve fibers, which 
are distributed to the pelvic viscera along the 
branches of the internal iliac artery. 


thence via the aortic plexus to the inferior mesen¬ 
teric plexus. The fibers are then distributed along 
the branches of the inferior mesenteric artery to 
supply the large bowel from the left colic flexure to 
the upper half of the anal canal. 

The preganglionic fibers of the pelvic splanchnic 
nerves synapse with postganglionic neurones that 
are located either in the inferior hypogastric plex¬ 
uses or in the walls of the viscera. 


Pelvic Splanchnic Nerves 

The pelvic splanchnic nerves constitute the sacral 
part of the parasympathetic system and contain 
preganglionic fibers from the second, third, and 
fourth sacral nerves. Branches pass to the right and 
left inferior hypogastric plexuses and are distrib¬ 
uted to the pelvic viscera. Some of the parasym¬ 
pathetic fibers ascend from the inferior hypogastric 
plexuses to the superior hypogastric plexus and 


Branches of the Lumbar Plexus 
LUMBOSACRAL TRUNK 

Part of the anterior ramus of the fourth lumbar 
nerve emerges on the medial border of the psoas 
muscle and joins the anterior ramus of the fifth 
lumbar nerve to form the lumbosacral trunk (Figs. 
6-17 and 6-18). This trunk now enters the pelvis by 
passing down in front of the sacroiliac joint and 
joins the sacral plexus. 
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Diagram 6-1. Branches of Internal Iliac Artery. 



-Umbilical arteiy- 

--Obturator arteiy 

-i-Artery to vas deferens (male) 

-Superior vesical artery 

Anterior division- 

-Inferior vesical arteiy 

-Middle rectal artery 

-Internal pudendal artery 

-Inferior gluteal arteiy 

-Uterine artery (female) 

-Vaginal artery (female) 

-Iliolumbar artery 


Posterior division- 

-Lateral sacral artery 

-Superior gluteal arteiy 



OBTURATOR NERVE 

This branch of the lumbar plexus (L2, 3, and 4) 
emerges from the medial border of the psoas in the 
abdomen and accompanies the lumbosaeral trunk 
to the pelvie inlet (Fig. 6-18). Here, it erosses the 
front of the sacroiliac joint and runs forward on the 
lateral wall of the pelvis in the angle between the 
internal and external iliae vessels (Fig. 6-13). On 
reaching the obturator eanal (i.e., the upper part 
of the obturator foramen, which is devoid of the 
obturator membrane), it splits into anterior and 
posterior divisions. The distribution of the obtura¬ 
tor nerve in the thigh is considered on page 596. 


Branches 

Fibers are given off that supply the parietal perito¬ 
neum on the lateral wall of the pelvis. 


Arteries of the Pelvic Walls 

Each common iliac artery ends at the pelvie inlet in 
front of the sacroiliac joint by dividing into the ex¬ 
ternal and internal iliac arteries (Figs. 6-13 and 6- 
18). 

The external iliac arteiy runs along the medial 
border of the psoas muscle, following the pelvie 
brim (Fig. 6-13), and gives off the inferior epigastric 
and deep circumflex iliac branches. It leaves the 
false pelvis by passing under the inguinal ligament, 
to beeome the femoral artery . 

The internal iliac arteiy enters the pelvis in front 
of the sacroiliac joint, and at this point it is crossed 


anteriorly by the ureter (Fig. 6-13). At the upper 
border of the greater seiatie foramen, it divides into 
anterior and posterior divisions, whieh give off 
branches that supply the pelvie viscera, perineum, 
buttoek, and saeral eanal. 


BRANCHES 

The origin of the terminal branches is subjeet to 
variation, but the usual arrangement is shown in 
Diagram 6-1. It is thus seen that the internal iliac 
arteiy provides the main blood supplv to the pelvie 
viscera. The distribution of the visceral branches is 
discussed with the individual viseera in Chapter 7. 

The median sacral arteiy arises from the aorta 
at the point where it bifureates into the two com¬ 
mon iliac arteries (Fig. 6-18). It enters the pelvis in 
front of the saeral promontory and runs downward 
on the anterior surface of the saerum, where it 
anastomoses with the lateral saeral arteries. 

It is thus seen that in the male, three arteries 
enter the pelvis: (1) the internal iliae arteries, (2) 
the median saeral arteiy, and (3) the superior ree- 
tal artery. In the female, the paired ovarian arteries 
also enter the pelvis. 


Veins of the Pelvic Walls 

The external iliac vein begins behind the inguinal 
ligament as a continuation of the femoral vein. It 
runs along the medial side of the corresponding ar¬ 
tery and joins the internal iliae vein to form the 
common iliac vein (Fig. 6-13). It receives the infe¬ 
rior epigastric and deep circumflex iliac veins . 
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Fig. 6-19. Horizontal section through the pelvis, 
showing tlie sacroiliac joints and the symphysis 
pubis. The lower diagram shows the function of 
tlie sacrotuberous and sacrospinous ligaments in 
resisting the rotation force exerted on the sacrum 
by tlie weight of tlie trunk. 
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The internal iliac vein begins bv the joining 
together of tributaries that correspond to the 
branches of the internal iliac artery. It passes up¬ 
ward in front of the sacroiliac joint and joins the 
external iliac vein to form the common iliac vein 
(Fig. 6-13). 

The median sacral veins accompany the corre¬ 
sponding artery and end by joining the left com¬ 
mon iliac vein. 


Lymphatics on the Pelvic Walls 

The lymph nodes and vessels are arranged in an 
obvious chain along the main blood vessels. The 
nodes are named after the blood vessels with which 
they are associated. Thus, there are external iliac 
nodes , internal iliac nodes, and common iliac nodes. 


Joints of the Pelvis 

Sacroiliac Joints 

The sacroiliac joints are verv strong synovial joints 
and are formed between the auricular surfaces of 
the sacrum and the iliac bones (Fig. 6-19). The sa¬ 
crum carries the weight of the trunk, and, apart 
from the interlocking of the irregular articular sur¬ 
faces, the shape of the bones contributes very little 
to the stability of the joints. The very strong poste¬ 
rior and interosseous sacroiliac ligaments suspend 
the sacrum between the two iliac bones. The an¬ 
terior sacroiliac ligament is thin and situated on the 
anterior aspect of the joint. 

The weight of the trunk tends to thrust the upper 
end of the sacrum downward and rotate the lower 
end of the bone upward (Fig. 6-19). This rotatory 
movement is prevented by the strong sacrotuberous 
and sacrospinous ligaments described previously. 
The iliolumbar ligament connects the tip of the 
fifth lumbar transverse process to the iliac crest. A 
small but limited amount of movement is possible 
at these joints. Their primary function is to trans¬ 
mit the weight of the body from the vertebral col¬ 
umn to the bonv pelvis. 


Nerve Supply 

The sacroiliac joint is supplied by branches from 
the sacral plexus and by posterior rami of the first 
two sacral nerves. 


Symphysis Pubis 

The symphysis pubis is a cartilaginous joint be¬ 
tween the two pubic bones (Fig. 6-19). The artic¬ 
ular surfaces are covered by a layer of hyaline car¬ 
tilage and are connected together by a 
fibrocartilaginous disc. The disc has a small cavity 
in the midline. The joint is surrounded by liga¬ 
ments that extend from one pubic bone to the 
other. Almost no movement is possible at this joint. 


Sacrococcygeal Joint 

The sacrococcvgeal joint is a cartilaginous joint be¬ 
tween the bodies of the last sacral vertebra and the 
first coccygeal vertebra. The cornua of the sacrum 
and coccyx are joined by ligaments. A great deal of 
movement is possible at this joint. 


Sex Differences of the Pelvis 

The sex diff erences of the bony pelvis are easily rec¬ 
ognized. The more obvious differences are due to 
the adaptation of the female pelvis for childbear¬ 
ing. The stronger muscles in the male are respon¬ 
sible for the thicker bones and more prominent 
bonv markings (Figs. 6-5 and 6-20). 

1. The false pelvis is shallow in the female and 
deep in the male. 

2. The pelvic inlet is transversely oval in the female 
but is heart-shaped in the male. This is due to 
the indentation produced by the promontory of 
the sacrum in the male. 

3. The pelvic cavity is roomier in the female than 
in the male, and the distance between the inlet 
and the outlet is much shorter. 

4. The pelvic outlet is larger in the female than the 
male. The ischial tuberosities are everted in the 
female and turned in in the male. 

5. The sacrum is shorter, wider, and flatter in the 
female than the male. 

6. The subpubic angle, or pubic arch, is more 
rounded and wider in the female than in the 
male. 
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pelvic inlet 


pelvic outlet 


pelvic cavity 
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Fig. 6-20. Pelvic inlet, pelvic outlet, diagonal conju 
gate, and axis of pelvis. Lower diagrams illustrate 
some of the main differences between female and 
male pelvis. 
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CLINICAL NOTES 


Pelvic Measurements in Obstetrics 

The eapaeitv and shape of the female pelvis are of 
fundamental importance in obstetries. The female 
pelvis is well adapted for the proeess of parturition 
(childbirth). The pelvis is shallower and the bones 
are smoother than in the male. The size of the pel¬ 
vic inlet is similar in the two sexes, but in the fe¬ 
male the eavitv is larger and cylindrical, and the 
pelvic outlet is wider in both the anteroposterior 
and transverse diameters. 

Four terms relating to areas of the pelvis are 
eommonly used in elinieal praetiee: 

1. The pelvic inlet or brim of the true pelvis (Fig. 6- 
20) is bounded anteriorly by the symphysis 
pubis, laterally bv the iliopeetineal lines, and 
posteriorly by the saeral promontory. 

2. The pelvic outlet of the true pelvis (Fig. 6-20) is 
bounded in front by the pubie arch, laterally by 
the isehial tuberosities, and posteriorly by the 
eoeeyx. It must be remembered that the saero- 
tuberous ligaments also form part of the margin 
of the outlet. 

3. The pelvic cavity is the spaee between the inlet 
and the outlet (Fig. 6-20). 

4. The axis of the pelvis is an imaginary line joining 
the central points of the anteroposterior diame¬ 
ters from the inlet to the outlet and is the eurved 
eourse taken by the baby’s head as it descends 
through the pelvis during parturition (Fig. 6-20). 


EXTERNAL PELVIC MEASUREMENTS 

External pelvic measurements are no longer con¬ 
sidered to be of practical value. The only way to 
obtain aeeurate factual information about the di¬ 
mensions and shape of the pelvic eavitv is by X-ray 
pelvimetry. In view of the danger of radiation to the 
fetus, especially to the gonads, X-ray pelvimetry is 
seldom used during pregnancy. However, it is used 
to obtain precise pelvic measurements after deliv- 
eiy to help in the management of a subsequent 
pregnancy. 


INTERNAL PELVIC ASSESSMENTS_ 

Internal pelvic assessments are made bv vaginal ex¬ 
amination during the later weeks of pregnancy, 


when the pelvie tissues are softer and more yielding 
than in the newly pregnant condition. 

1. Pubic arch. Spread the fingers under the pubie 
arch and examine its shape. Is it broad or an¬ 
gular? The examiner’s four fingers should be 
able to rest eomfortably in the angle below the 
symphysis. 

2. Lateral walls. Palpate the lateral walls and de¬ 
termine whether they are eoncave, straight, or 
converging.'The prominence of the isehial spines 
and the position of the saerospinous ligaments 
are noted. 

3. Posterior wall. The saerum is palpated to deter¬ 
mine whether it is straight or well eurved. Fi¬ 
nally, if the patient has relaxed the perineum 
sufficiently, an attempt is made to palpate the 
promontory of the saerum. The second finger of 
the examining hand is plaeed on the promon¬ 
tory, and the index finger of the free hand, out¬ 
side the vagina, is plaeed at the point on the ex¬ 
amining hand where it makes eontaet with the 
lower border of the symphysis. The fingers are 
then withdrawn and the distance measured (Fig. 
6-21B). This gives the measurement of the diag¬ 
onal conjugate , which is normally about 5 inches 
(13 em). The anteroposterior diameter from the 
saeroeoeeygeal joint to the lower border of the 
symphysis is then estimated. 

4. Ischial tuberosities. The distance between the is¬ 
ehial tuberosities may be estimated by using the 
elosed fist (Fig. 6-21D). It measures about 4 
inehes (10 em), but is difficult to measure ex¬ 
actly. 

Needless to say, considerable elinieal experience 
is required to be able to assess the shape and size 
of the pelvis by vaginal examination. 


Fig. 6-21. (A) Birth canal. Interrupted line indicates 
axis of canal. (B) Procedure used in measuring di¬ 
agonal conjugate. (C) Different types of pelvic inlet, 
according to Caldw ell and Moloy. (D) Estimation of 
width of pelvic outlet by means of closed fist. 
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D Measuring transverse diameter of pelvic outlet 
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Abnormalities and Varieties of* 
the Female Pelvis 

Deformities of the pelvis may be responsible for 
dystocia (difficult labor). A contracted pelvis may 
obstruct the normal passage of the fetus. It may be 
indirectly responsible for dystocia bv causing con¬ 
ditions such as malpresentation or malposition of 
the fetus, premature rupture of the fetal mem¬ 
branes, and uterine inertia. 

The cause of pelvic deformities may be congeni¬ 
tal (very rare) or acquired from disease, poor pos¬ 
ture, or fractures due to injury. Pelvic deformities 
are more common in women who have grown up 
in a poor environment and are undernourished. It 
is probable that these women suffered in their 
youth from minor degrees of rickets. 

In 1933, Caldwell and Moloy classified pelves 
into four groups: gynecoid, android, anthropoid, 
and platvpelloid (Fig. 6-21). 

The gynecoid type, present in about 41 percent of 
women, is the typical female pelvis that has been 
previously described. 

The android type, present in about 33 percent 
(white females) and 16 percent (black females), is 
the male or funnel-shaped pelvis with a contracted 
outlet. 

The anthropoid type, present in about 24 percent 
(white females) and 41 percent (black females), is 
long, narrow, and oval in shape. 

The platvpelloid type, present in only about 2 
percent of women, is a wide pelvis flattened at the 
brim, with the promontory of the sacrum pushed 
forward. 


Fractures of the Pelvis 

Fractures of the false pelvis due to direct trauma 
occasionally occur. The upper part of the ilium is 
seldom displaced because of the attachment of the 
iliacus muscle on the inside and the gluteal mus¬ 
cles on the outside. 

Fractures of the true pelvis are usually caused by 
a severe crushing injury, such as occurs when a per¬ 
son is run over by an automobile. Anteroposterior 
compression may produce dislocation of the sym¬ 
physis, or fractures through the pubic rami accom¬ 
panied by fracture of the lateral part of the sacrum. 
Other compression injuries may produce fractures 


through the bones bounding the obturator foramen 
on one side, and the lateral part of the sacrum on 
the other side. 

Fractures of the true pelvis are commonly asso¬ 
ciated with damage to the pelvic viscera. The pelvic 
veins that lie beneath the parietal peritoneum, if 
damaged, are a source of severe hemorrhage, 
which may be life-threatening. The male urethra is 
often damaged; the bladder in both sexes is occa¬ 
sionally damaged, but the rectum is rarely dam¬ 
aged. Fragments of bone may be thrust into the 
pelvic cavity, tearing the viscera. The head of the 
femur may be driven through the floor of the ace¬ 
tabulum following a heavy fall on the greater tro¬ 
chanter of the femur. 


Pelvic Floor 

The pelvic diaphragm is a gutter-shaped sheet of 
muscle, formed by the levatores ani and coccygeus 
muscles and their covering fasciae. From their ori¬ 
gin, the muscle fibers on the two sides slope down¬ 
ward and backward to the midline, producing a 
gutter that slopes downward and forward. 

A rise in the intra-abdominal pressure, caused 
by the contraction of the diaphragm and the mus¬ 
cles of the anterior and lateral abdominal walls, is 
counteracted by the contraction of the muscles 
forming the pelvic floor. By this means the pelvic 
viscera are supported and do not “drop out” 
through the pelvic outlet. Contraction of the pu- 
borectalis fibers greatly assists the anal sphincters 
in maintaining continence under these conditions 
by pulling the anorectal junction upward and for¬ 
ward. During the act of defecation, however, the 
levator ani continues to support the pelvic viscera, 
but the puborectalis fibers relax with the anal 
sphincters. 

The female pelvic floor serves an important 
function during the second stage of labor (Fig. 6- 
22). At the pelvic inlet the widest diameter is trans¬ 
verse, so that the longest axis of the baby’s head 
takes up the transverse position. When the head 
reaches the pelvic floor, the gutter shape of the 
floor tends to cause the baby’s head to rotate, so 
that its long axis comes to lie in the anteroposterior 
position. The occipital part of the head now moves 
downward and forward along the gutter until it 
lies under the pubic arch. As the baby’s head passes 
through the lower part of the birth canal, the small 
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Fig. 6-22. Stages in rotation of baby’s head dining 
second stage of labor. Shape of pelvic floor plays an 
important part in this process. 


gap that exists in the anterior part of the pelvic dia¬ 
phragm becomes enormously enlarged, so that the 
head may slip through into the perineum. Once the 
baby has passed through the perineum, the leva- 
tores ani muscles recoil and take up their previous 
position. 

Injury to the pelvic floor during a difficult child¬ 
birth can result in the loss of support for the pelvic 
viscera leading to uterine and vaginal prolapse, her¬ 
niation of the bladder ( cystocele ), and alteration in 
the position of the bladder neck and urethra, lead¬ 
ing to stress incontinence. In the latter condition, 
the patient dribbles urine whenever the intra-ab¬ 
dominal pressure is raised, as in coughing. Pro¬ 
lapse of the rectum may also occur. 


Sacral Plexus 

Pressure from Fetal Head 

During the later stages of pregnancy, when the fetal 
head has descended into the pelvis, the mother 
often complains of discomfort or aching pain ex¬ 
tending down one or other of the lower limbs. This 
is due to the pressure from the fetal head. The dis¬ 
comfort is often relieved by changing position, such 
as lving on the side in bed. 


Invasion By a Malignant Tumor 

The nerves of the sacral plexus may become in¬ 
vaded bv malignant tumors extending from neigh¬ 
boring viscera. A carcinoma of the rectum, for ex¬ 
ample, can cause severe intractable pain down the 
lower limbs. 
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Obturator Nerve __ 

The obturator nerve lies on the lateral wall of the 
pelvis and supplies the parietal peritoneum. An in¬ 
flamed vermiform appendix hanging down into 
the pelvic cavity could cause irritation of the obtur¬ 
ator nerve endings, leading to referred pain down 
the inner side of the right thigh. Inflammation of 
the ovaries can produce similar symptoms. 


Sacrum 

The first sacral vertebra may be partly or com- 
pletelv separated from the second sacral vertebra. 
Occasionally, on radiography of the vertebral col¬ 
umn, examples are seen in which the fifth lumbar 
vertebra has fused with the first sacral vertebra. 


Caudal Anesthesia (Analgesia) 

Anesthetic solutions may be injected into the sacral 
canal through the sacral hiatus. The solutions then 
act on the spinal roots of the second, third, fourth, 


and fifth sacral and coccygeal segments of the cord 
as they emerge from the dura mater. The roots of 
higher spinal segments may also be blocked bv this 
method. The needle must be confined to the lower 
part of the sacral canal, since the meninges extend 
down as far as the lower border of the second sac¬ 
ral vertebra. Caudal anesthesia is used in obstetrics 
to block pain fibers from the cervix of the uterus 
and to anesthetize the perineum. 


Pelvic Joints 

During pregnancy, the symphysis pubis and the lig¬ 
aments of the sacroiliac and sacrococcygeal joints 
undergo temporary changes that permit freer 
movement of the joints. This makes possible an en¬ 
largement of the pelvic cavity and thus facilitates 
parturition. 

The ligaments of the pelvic joints are softened 
during pregnancy bv the hormones estrogen and 
progesterone , produced bv the ovary and the pla¬ 
centa. An additional hormone, called relarin , pro¬ 
duced bv the these organs, may also have a relaxing 
effect on the pelvic ligaments. 


CLINICAL PROBLEMS 

1. A patient suffering from a severe form of ane¬ 
mia was found to be unresponsive to treat¬ 
ment. It was decided to perform a marrow bi¬ 
opsy. Where in the pelvic region is it safe to 
obtain a marrow biopsv? What structures are 
penetrated by the needle as it passes into the 
red marrow? 

2. A medical student, during a clinical examina¬ 
tion, was asked to place a finger on a patient's 
back to indicate the position of the lower level 
of the subarachnoid space within the vertebral 
canal. Where would you place vour finger? 

3. A young actress, finding herself pregnant, told 
her friends that she hated the idea of going 
through the pain of childbirth, but she none¬ 
theless detested the thought of having a general 
anesthetic. Is there a specialized local analgesic 
technique that wall provide painless labor? List 
the anatomical structures that you will pierce 
with the needle in order to induce the analge¬ 
sia. 

4. A 65-year-old man with a history of prostatic 


Answers on page 964 

enlargement complained that he could not 
micturate. The last time that he passed urine 
had been 6 hours previously. He was found 
lying on his bed in great distress, clutching his 
anterior abdominal wall with both hands and 
pleading for something to be done quickly. On 
examination, a large ovoid swelling could be 
palpated in the hypogastrium, reaching up to 
the region of the umbilicus. The swelling was 
dull on percussion, and pressure on it exacer¬ 
bated the symptoms. Explain in anatomical 
terms the nature of the swelling. 

5. A high school girl, rejected by her parents, went 
to see a physician because she had noticed that 
she had a large abdominal swelling. On ques¬ 
tioning, it became apparent that she was men¬ 
tally retarded, and she volunteered the fact that 
she had recently missed several menstrual pe¬ 
riods. On examination, a large ovoid swelling 
was found rising out of the pelvis. The upper 
end of the swelling reached the level of the um¬ 
bilicus. The breasts were seen to be enlarged 
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and the superficial veins congested. What is the 
diagnosis? 

6. An enthusiastic young surgeon, while operating 
on a patient to drain an abscess in the region of 
the anorectal junction, decided to divide the pu- 
borectalis muscle to obtain better access. Three 
days later he was surprised to learn that the 
patient was incontinent. Can you explain this 
on anatomical grounds? 

7. A pregnant woman visited an antenatal clinic. 
A vaginal examination revealed that the sacral 
promonton' could be easily palpated and that 
the diagonal conjugate measured less than 4 
inches. On the basis of vour anatomical knowl¬ 
edge, do von think that this patient would have 
a normal labor? 

8. A man who had alreadv drunk five pints of beer 
decided to have one more for the road. On leav¬ 
ing the bar, he staggered out into the street and 
was run over by a passing bus. On admission 
to the hospital he was unconscious and showed 
signs indicating a severe degree of shock. He 
had extensive bruising of the lower part of the 
anterior abdominal wall, and the body of the 
pubis was prominent on the right side. A drop 
of blood-stained fluid could be expressed from 
the external meatus of the penis. In anatomical 
terms, can you explain the blood-stained dis¬ 
charge from the penis? 

9. A young woman visited her obstetrician and 


was told that she was pregnant. The process of 
childbirth was carefully but simply explained 
to her, and she was instructed to exercise her 
pelvic floor twelve times a day. Using your 
knowledge of anatomy of the region, explain 
how you would instruct the patient to carryout 
these exercises. Why was this advice given to 
the patient by the obstetrician? 

10. A heavily built, middle-aged man, running 
down a flight of stone steps, misjudged the po¬ 
sition of one of the steps and fell suddenly onto 
his buttocks. Following the fall he complained 
of severe bruising of the area of the natal cleft 
and persistent pain in this area. Which bone is 
he likely to have damaged? 

11. A patient was injured in a plane crash. X-ray of 
the pelvis revealed a fracture of the ilium and 
iliac crest on the right side. From vour knowl¬ 
edge of anatomy, would you expect much dis¬ 
placement of the bone fragments? Do you think 
that the bone fragments need splinting? 

12. A middle-aged Indian woman recently admit¬ 
ted to this country had a history of osteomala¬ 
cia during a previous pregnancy. Osteomalacia 
is a disease of adult life and is associated with 
gross deficiency of calcium and vitamin D in 
the diet. She asked her physician whether or not 
she would be able to have another child. What 
effects, if any, do you think osteomalacia has on 
the anatomical shape of the pelvis? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) IF (1) ONLY IS CORRECT 

(b) If (2) ONLY IS CORRECT 

(c) If (1) AND (2) ARE CORRECT, AND 

(d) If neither (1) nor (2) is correct 

1. (1) The obturator interims muscle leaves the 

pelvis through the greater sciatic foramen. 

(2) The sacrospinous ligaments prevent the 
superior end of the sacrum from being ro¬ 
tated upward at the sacroiliac joints. 

2. (1) In the female pelvis, the ischial tuberosi¬ 

ties are usually everted. 

(2) The pelvic brim is bounded posteriorly by 
the sacral promontary, laterally by the il- 
iopectineal line, and anteriorly by the sym¬ 
physis pubis. 


Answers on page 984 

3. (1) The sacral part of the sympathetic trunk 

descends over the pelvic brim anterior to 
the common iliac vessels. 

(2) The sacral plexus receives contributions 
from the third and fourth lumbar spinal 
nerves. 

4. (1) The obturator nerve supplies the parietal 

peritoneum of the pelvis and may be stim¬ 
ulated by an inflamed ovary. 

(2) The puborectalis, a part of the levator ani 
muscle, forms an important part of the 
sphincteric mechanism of the anal canal. 

5. (1) The pelvic diaphragm is formed by the lev- 

a tores ani and coccygeus muscles and their 
covering fasciae. 

(2) The sacroiliac joint, which transfers the 
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vveis'ht of the trunk to the innominate 
bone, is a cartilaginous joint. 

Match tlie nerve on the left with the segmental 

origin on the right: 

6. Sciatic nerve (a) L2, 3, and 4 

7. Pudendal nerve (b) L4, 5, SI, 2, and 3 

8. Pelvic splanchnic (c) S2, 3, and 4 

nerve (d) SI and 2 

9. Obturator nerve (e) L3, 4, SI, and 2 

Match the artery on the left with its origin on 

the right: 

10. Superior rectal (a) Superior mesenteric 

artery artery 

11. Ovarian artery (b) Abdominal part of 

12. Uterine artery aorta 

13. Middle rectal artery (c) Renal artery 

14. Superior gluteal (d) Internal iliac artery 

arteiy (e) None of the above 

In the following questions, answer: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) AND (3) ONLY ARE CORRECT 

(c) If (2) AND (4) ONLY ARE CORRECT 

(d) If (4) ONLY IS CORRECT, OR 

(e) If all are correct 

15. (1) The sacrum is shorter, wider, and flatter 

in the female than in the male. 

(2) The female sex hormones have no effect on 
the ligaments of the pelvis during preg¬ 
nancy. 

(3) The inferior hypogastric plexus contains 
both sympathetic and parasympathetic 
nerves. 

(4) The pelvic part of the sympathetic trunk 
possesses both white and gray rami com- 
municantes. 

16. (1) The levator ani muscle is innervated bv the 

perineal branch of the fourth sacral nerve 
and from the perineal branch of the pu¬ 
dendal nerve. 

(2) The iliococcygeus muscle arises from a 
thickening of the obturator interims fas¬ 
cia. 

(3) The obturator nerve leaves the pelvis 
through the obturator canal. 


(4) The ilium, ischium, and pubis are three 
bones that fuse together to form the in¬ 
nominate bone at the twenty-fifth year of 
life. 

17. (1) The lymph nodes in the pelvis are concen¬ 

trated around the median sacral artery. 

(2) The platypelloid type of pelvis occurs in 
about 50 percent of women. 

(3) External pelvic measurements have great 
practical importance in determining 
whether there is likely to be a dispropor¬ 
tion between the size of the fetal head and 
the size of the pelvic inlet. 

(4) The pelvic outlet is formed by the sym¬ 
physis pubis anteriorly, the ischial tuber¬ 
osities laterally, the sacrotuberous liga¬ 
ments laterally, and the coccvx posteriorlv. 

18. (1) In the pelvis, the fascia is divided into par¬ 

ietal and visceral lavers. 

(2) The false pelvis helps to guide the fetus 
into the true pelvis during labor. 

(3) In the voung child, the urinary bladder is 
an abdominopelvic organ. 

(4) The internal iliac arteries are the main 
blood supply to the pelvic viscera. 

19. (1) The veins of the pelvic walls are very vari¬ 

able and extensive; thev may be a serious 
source of hemorrhage in a fracture of the 
pelvis. 

(2) Very little movement is possible at the sac¬ 
rococcygeal joint. 

(3) The superior hypogastric plexus is formed 
from the aortic sympathetic plexus and 
branches of the lumbar sympathetic gan- 
glia. 

(4) The sciatic nerve leaves the pelvis through 
the lesser sciatic foramen. 

20. (1) When the patient is in the standing posi¬ 

tion, the anterior superior iliac spines lie 
vertically above the anterior surface of the 
symphysis pubis. 

(2) The piriformis leaves the pelvis through 
the greater sciatic foramen. 

(3) The anterior sacral foramina permit the 
passage of the anterior rami of the upper 
four sacral nerves. 

(4) The external iliac vein begins behind the 
inguinal ligament as a continuation of the 
femoral vein. 




7. The Pelvis: Part II 
The Pelvic Cavity 


The pelvic cavity, or cavity of the true pelvis, mav 
be defined as the area situated between the pelvic 
inlet and the pelvic outlet. It is customary to sub¬ 
divide it bv the pelvic diaphragm into the main pel¬ 
vic cavity above and the perineum below (Fig. 7-1). 
This chapter is concerned with the contents of the 
main pelvic cavity. A detailed description of the 
perineum will be given in Chapter 8. 


CONTENTS OF 

THE PELVIC CAVITY _ 

Sigmoid Colon 

The sigmoid colon is about 10 to 15 inches (25-38 
cm) long and begins as a continuation of the de¬ 
scending colon in front of the left external iliac ar¬ 
tery. Below, it becomes continuous with the rectum 
in front of the third sacral vertebra. It hangs down 
into the pelvic cavatv in the form of a loop. 

The pelvic colon is attached to the posterior pel¬ 
vic wall by the fan-shaped pelvic mesocolon. The 
root of the mesocolon resembles an inverted V. One 
limb of the V is attached along the medial side of 


the left external iliac artery, and the other limb 
runs from the bifurcation of the left common iliac 
artery, downward in front of the sacrum, as far as 
the third sacral vertebra. At the apex of the V is a 
small peritoneal recess, called the recess of the pel¬ 
vic mesocolon. Lying beneath the floor' of the r ecess 
is the left ureter (Fig. 5-9). The clinical significance 
of the recess is described on page 282. 


Relations 

Anteriorly 

In the male, urinary bladder; in the female, the 
posterior surface of the uterus and upper part of 
the vagina. 


Posteriorly 

The rectum and the sacrum. The sigmoid colon is 
also related to the more dependent coils of the ter¬ 
minal part of the ileum. 

The arterial supply to the sigmoid colon is from 
the sigmoid branches of the inferior mesenteric ar- 


331 










332 


7 . The Pelvis: Part II The Pelvie Cavity 


thoracic cavity 



Fig. 7-1. Coronal section through thorax, abdomen, 
and pelvis, showing thoracic, abdominal, and pel¬ 
vic cavities, and perineum. 


tcry. The veins of the sigmoid colon correspond to 
the arteries and are tributaries of the portal venous 
system. 

The lymph vessels from the sigmoid colon drain 
into nodes along the course of the sigmoid arteries; 
from these nodes the lymph travels to the inferior 
mesenteric nodes. 

The nerve supply to the sigmoid colon is derived 
from the inferior hypogastric plexuses. The nerves 
ascend in the root of the sigmoid mesocolon. 


Rectum 

The rectum is about 5 inches (13 cm) long and be¬ 
gins in front of the third sacral vertebra as a con- 
tinuation of the sigmoid colon. It passes down¬ 
ward, following the curve of the sacrum and 
coccyx, and ends 1 inch (2.5 cm) in front of the tip 
of the coccyx by piercing the pelvic diaphragm and 
becoming continuous until the anal canal. The 
lower part of the rectum that lies immediately 
above the pelvic diaphragm is dilated to form the 
rectal ampulla. 

When examined from in front, the rectum is seen 
to deviate to the left, but quickly returns to the me- 
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mucous membrane of rectum 


middle transverse- 
fold of rectum 

obturator internus 

obturator internus 
fascia 

obturator membrane 

levator ani - 
puborectal is 


outer longitudinal 
muscle 


internal anal 
sphincter 


peritoneum 


external anal sphincter 



inner circular muscle 


outer longitudinal muscle 
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anal canal 


fat in ischiorectal fossa 


Fig. 7-2. Coronal section through pelvis, showing 
rectum and pelvic floor. 


dian plane (Fig. 7-2). When seen on lateral view, 
the rectum follows the anterior concavity of the 
sacrum before bending downward and backward 
at its junction with the anal canal (Fig. 7-3). 

The puborectalis portion of the levator ani mus¬ 
cles forms a sling (see page 378) at the junction of 
the rectum with the anal canal and is responsible 
for pulling this part of the bowel forward, produc¬ 
ing the anorectal angle. 

The peritoneum covers the anterior and lateral 
surfaces of the first third of the rectum and only 
the anterior surface of the middle third, leaving the 


lower third devoid of peritoneum (Figs. 7-3 and 
7-9). 

The muscular coat of the rectum is arranged in 
the usual outer longitudinal and inner circular lay¬ 
ers of smooth muscle. The three teniae coli of the 
sigmoid colon, however, come together, so that the 
longitudinal fibers form a broad band on the an¬ 
terior and posterior surfaces of the rectum. 

The mucous membrane of the rectum, together 
with the circular muscle layers, forms three per¬ 
manent folds called the transverse folds of the rec¬ 
tum (Fig. 7-2). These folds are semicircular; two 
arc placed on the left rectal wall and one on the 
right wall. 
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bladder 
puboprostatic 
1igaments 


prostate 


urogenital diaphragm 


rectovesical pouch 


peritoneum 


rectum 
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ejaculatory duct 
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external sphincter 

* 

i \ internal sphincter 
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perineal body 
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-membranous layer of superficial fascia 
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Fig. 7-3. Sagittal section of male pelvis. 


Relations 

Posteriorly 

The rectum is in contact with the sacrum and coc¬ 
cyx, the piriformis, coccygeus, and levatores ani 
muscles, the sacral plexus, and the sympathetic 
trunks (Fig. 6-18). 


Anteriorly 

In the male the upper two-thirds of the rectum, 
which is covered by peritoneum, is related to the 


sigmoid colon and coils of ileum that occupy the 
rectovesical pouch. The lower third of the rectum, 
which is devoid of peritoneum, is related to the 
posterior surface of the bladder, to the termination 
of the vas deferens and the seminal vesicles on each 
side, and to the prostate. These structures are 
embedded in visceral pelvic fascia (Fig. 7-3). 

In the female the upper two-thirds of the rectum, 
which is covered by peritoneum, is related to the 
sigmoid colon and coils of ileum that occupy the 
rectouterine pouch (pouch of Douglas). The lower 
third of the rectum, which is devoid of peritoneum, 
is related to the posterior surface of the vagina (Fig. 
7-9). 
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Fig. 7-4. (A) Blood supply to rectum and (B) trans¬ 
verse folds of rectum as seen through sigmoido¬ 
scope. 
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The arterial supply to the rectum is from the su¬ 
perior, middle, and inferior rectal arteries (Fig. 
7-4). 

The superior rectal arteiy, a continuation of the 
inferior mesenteric artery, is the chief artery sup¬ 
plying the mucous membrane. It enters the pelvis 
bv descending in the root of the sigmoid mesocolon 
and divides into right and left branches. These at 
first lie behind the rectum and then pierce the 
muscular coat and supply the mucous membrane. 
They anastomose with one another and with the 
middle and inferior rectal arteries. 

The middle rectal arteiy is a small branch of the 
internal iliac artery. It runs forward and medially 
to the rectum, to be distributed mainly to the mus¬ 
cular coat. 

The inferior rectal arteiy is a branch of the inter¬ 
nal pudendal arteiy in the perineum. It anasto¬ 
moses with the middle rectal artery at the anorec¬ 
tal junction. 

The veins of the rectum correspond to the arter¬ 
ies. The superior rectcd vein is a tributary of the por¬ 
tal circulation and drains into the inferior mesen¬ 
teric vein. The middle and inferior rectal veins drain 
into the internal iliac and internal pudendal veins, 
respectivelv. The union between the rectal veins 
forms an important portal-systemic anastomosis. 
(See Chap. 5.) 

The lymph vessels of the rectum drain into a 
group of nodes embedded in the perirectal connec¬ 
tive tissue just outside the muscular coat. These are 
called the pararectal nodes. Lymph vessels draining 
the upper and middle members of this group of 
nodes accompany the superior rectal artery to the 
inferior mesenteric nodes. Lymph vessels from the 
lower part of the rectum follow the middle rectal 
artery to the internal iliac nodes. 

The neive supply to the rectum is from the infe¬ 
rior hypogastric plexuses. 


PELVIC VISCERA EV THE MALE 

The rectum, sigmoid colon, and terminal coils of 
ileum occupy the posterior part of the pelvic cavity 
in both sexes, as described above. The contents of 
the anterior part of the pelvic cavity in the male are 
described in the following sections. 


Uriiiaiy Bladder 

The urinary bladder is situated immediately be¬ 
hind the pubic bones (Fig. 7-3). It is a receptacle 
for the storage of urine, with strong muscular 
walls. Its shape and relations vary according to the 
amount of urine that it contains. The empty blad¬ 
der in the adult lies entirely within the pelvis; as 
the bladder fills, its superior wall rises up into the 
hvpogastric region (Fig. 7-5). In the young child the 
empty bladder projects above the pelvic inlet; later, 
when the pelvic cavity enlarges, the bladder sinks 
into the pelvis do take up the adult position. 

The empty bladder is pyramidal in shape, having 
an apex, a base, and a superior and two inferolat- 
eral surfaces; it also has a neck. 

The apex of the bladder lies behind the upper 
margin of the symphysis pubis (Figs. 7-3 and 7-5). 
A fibrous cord, known as the urachus (remains of 
the allantois), passes upward in the extraperitoneal 
fat to the umbilicus, forming the median umbilical 
ligament. 

The base , or posterior surface, of the bladder is 
triangular in shape. The superolateral angles are 
joined by the ureters, and the inferior angle gives 
rise to the urethra (Fig. 7-5). The two vasa defer- 
entia lie side by side on the posterior surface of the 
bladder and separate the seminal vesicles from 
each other (Fig. 7-5). The upper part of the poste¬ 
rior surface of the bladder is covered by perito¬ 
neum, which forms the anterior wall of the rec¬ 
tovesical pouch. The lower part of the posterior 
surface is separated from the rectum by the vasa 
deferentia, the seminal vesicles, and the rectovesi¬ 
cal fascia (Fig. 7-3). 

The superior surface of the bladder is completely 
covered with peritoneum and is related to coils of 
ileum or sigmoid colon (Fig. 7-3). Along the lateral 
margins of this surface, the peritoneum is reflected 
onto the lateral pelvic walls. 

As the bladder fills, the superior surface of the 
bladder enlarges and bulges upward into the ab¬ 
dominal cavity The peritoneal covering is peeled 
off the lower part of the anterior abdominal wall, 
so that the bladder comes into direct contact with 
the anterior abdominal wall. 

The inferolateral surfaces are related in front to 
the retropubic pad of fat and the pubic bones. More 
posteriorly, they lie in contact with the obturator 








Pelvic Viscera In The Male 337 


superior wall of bladder 


body of pubis 



levator ani 


prostate 


trigone 

neck of bladder- 
sphincter vesicae' 
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-uvula vesicae 
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Fig. 7-5. (A) Lateral view of bladder. Note that supe¬ 
rior wall rises as viscus fills with urine. (B) Poste¬ 
rior view of bladder, prostate, vasa deferentia, and 
seminal vesicles. (C) Interior of bladder. 
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interims muscle above and the levator ani muscle 
below (Fig. 7-5). 

The neck of the bladder lies inferiorlv and rests 
on the upper surface of the prostate (Fig. 7-5). 
Here, the smooth muscle fibers of the bladder wall 
are continuous with those of the prostate. The neck 
of the bladder is held in position bv the pubopros¬ 
tatic ligaments in the male and the pubovesical lig¬ 
aments in the female. These ligaments are thick¬ 
enings of the pelvic fascia. 

When the bladder fills, it loses its pyramidal 
shape and becomes ovoid. The posterior surface 
and neck remain more or less unchanged in posi¬ 
tion, but the superior surface rises into the abdo¬ 
men as described above^ 

The mucous membrane of the greater part of the 
empty bladder is thrown into folds, but these dis¬ 
appear when the bladder is full. The area of mu¬ 
cous membrane covering the internal surface of the 
base of the bladder is referred to as the trigone. 
Here, the mucous membrane is always smooth, 
('veil when the viscus is empty (Fig. 7-5) because 
the mucous membrane over the trigone is firmly 
adherent to the underlying muscular coat. 

The superior angles of the trigone correspond to 
the openings of the ureters and its inferior angle, 
to the internal urethral orifice (Fig. 7-5). The ure¬ 
ters pierce the bladder wall obliquely, and this pro¬ 
vides a valvelike action, which prevents a reverse 
flow of urine toward the kidnevs as the bladder 
fills. 

The trigone is limited above by a muscular ridge, 
which runs from the opening of one ureter to that 
of the other and is known as the interureteric ridge. 
The uvula vesicae is a small elevation situated im¬ 
mediately behind the urethral orifice that is pro¬ 
duced by the underhang median lobe of the pros¬ 
tate. 

The muscular coat of the bladder is composed of 
smooth muscle and is arranged as three layers of 
interlacing bundles, known as the detrusor muscle. 
At the neck of the bladder, the circular component 
of the muscle coat is thickened to form the sphinc- 
ter vesicae (Fig. 7-5). 

The arterial supply to the bladder is from the 
superior and inferior vesical arteries, branches of 
the internal iliac arteries. The veins form the vesical 
venous plexus, which communicates below with 
the prostatic plexus; it is drained into the internal 
iliac vein. 


The lymph vessels from the bladder drain into 
the internal and external iliac nodes. 

The netxe supply to the bladder is from the in¬ 
ferior hypogastric plexuses. The sympathetic post¬ 
ganglionic fibers originate in the first and second 
lumbar ganglia and descend to the bladder via the 
hypogastric plexuses. The parasympathetic pregan¬ 
glionic fibers arise as the pelvic splanchnic nerves 
from the second, third, and fourth sacral nerves; 
they pass through the inferior hvpogastric plexuses 
to reach the bladder wall, where they svnapse with 
postganglionic neurons. The majority of afferent 
sensory fibers'arising in the bladder reach the cen¬ 
tral nervous system via the pelvic splanchnic 
nerves. Some afferent fibers travel with the svm- 
pathetic nerves via the hypogastric plexuses and en¬ 
ter the first and second lumbar segments of the 
spinal cord. 


Micturition 

Micturition is a reflex action, which in the toilet- 
trained individual is controlled by higher centers in 
the brain. The reflex is initiated by the stretching 
of the bladder muscle as the organ fills with urine. 
The afferent impulses pass up the pelvic splanchnic 
nerves and enter the second, third, and fourth sac¬ 
ral segments of the spinal cord (Fig. 7-6). Efferent 
impulses leave the cord from the same segments 
and pass via the parasvmpathetic preganglionic 
nerve fibers through the pelvic splanchnic nerves 
and the inferior hvpogastirc plexuses to the bladder 
wall, where they synapse with postganglionic neu¬ 
rons. By means of this nervous pathway, the 
smooth muscle of the bladder wall (the detrusor 
muscle) is made to contract, and the sphincter ve¬ 
sicae is made to relax. Efferent impulses also pass 
to the urethral sphincter via the pudendal nerve 
(S2, 3, and 4), and this undergoes relaxation. Once 
urine enters the urethra, additional afferent im¬ 
pulses pass to the spinal cord from the urethra and 
reinforce the reflex action. 

In young children, micturition is a simple reflex 
act and takes place whenever the bladder becomes 
distended. In the adult, this simple stretch reflex is 
inhibited by the activity of the cerebral cortex until 
the time and place for micturition are favorable. 
The inhibitory fibers pass downward with the cor¬ 
ticospinal tracts to the second, third, and fourth 
sacral segments of the cord. The contraction of the 






Pelvic Viscera In The Male 339 



A 

V 



sphincter urethrae 


Fig. 7-6. Nervous control of bladder. Sympathetic fi¬ 
bers have been omitted for the sake of simplifica¬ 
tion. 
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sphincter urethrae, which closes the urethra, is un¬ 
der voluntary control, but it is not possible to relax 
this muscle voluntarily; this is brought about re- 
flexlv. 

Voluntary control of micturition is normally de¬ 
veloped during the second or third year of life. 


Ureter 

The ureter crosses the pelvic inlet in front of the 
bifurcation of the common iliac arteiy. It runs 
downward and backward in front of the internal 
iliac arteiy until it reaches the region of the ischial 
spine (Fig. 7-7). It then turns forward and medially 
and enters the upper lateral angle of the bladder. 
Near its termination it is crossed by the vas defer¬ 
ens. The ureter passes obliquely through the wall 
of the bladder for about 3 A inch (1.9 cm) before 
opening into the bladder cavity. 


Vas Deferens 

The vas deferens is a thick-walled muscular tube 
that conveys mature sperm from the epididymis to 
the ejaculatory duct and the urethra. It emerges 
from the deep inguinal ring and passes around the 
lateral margin of the inferior epigastric artery (Fig. 
7-7). It then passes downward and backward on 
the lateral wall of the pelvis and crosses the ureter 
in the region of the ischial spine. The vas deferens 
then runs medially and downward on the posterior 
surface of the bladder (Fig. 7-5). The terminal part 
of the vas deferens is dilated to form the ampulla 
of the vas deferens. The inferior end of the ampulla 
narrows down and joins the duct of the seminal 
vesicle to form the ejaculatory duct. 


Seminal Vesicles 

The seminal vesicles are two lobulated sacs about 
2 inches (5 cm) long, lying on the posterior surface 
of the bladder (Fig. 7-5). Their upper ends are 
widely separated, and their lower extremities are 
close together. On the medial side of each vesicle 
lies the terminal part of the vas deferens. Poste¬ 
riorly, the seminal vesicles are related to the rectum 
(Fig. 7-3). Inferiorlv, each seminal vesicle narrows 
and joins the vas deferens of the same side to form 
the ejaculatory duct. 

The function of the seminal vesicles is to produce 


a secretion that is added to the seminal fluid. The 
secretions contain substances that are essential for 
the nourishment of the spermatozoa. The walls of 
the seminal vesicles contract during ejaculation 
and expel their contents into the ejaculatory ducts, 
thus washing the spermatozoa out of the urethra. 

The two ejaculatory ducts pierce the prostate 
and open into the prostatic urethra, close to the 
orifice of the prostatic utricle. 


Prostate 

The prostate is shaped like an inverted pyramid 
and is a fibromuscular glandular organ that sur¬ 
rounds the prostatic urethra (Figs. 7-3 and 7-8). It 
is about IVa inches (3 cm) long and lies between 
the neck of the bladder above and the urogenital 
diaphragm below (Fig. 7-8). 

The prostate is surrounded bv a fibrous capsule. 
Outside the capsule is a fibrous sheath, which is 
part of the visceral layer of pelvic fascia (Fig. 7-8). 
The prostate has a base, an apex, an anterior and 
a posterior surface, and two lateral surfaces. 


Relations 

Superiorly 

The base of the prostate is continuous with the 
neck of the bladder, the smooth muscle passing 
without interruption from one organ to the other. 
The urethra enters the center of the base of the 
prostate (Fig. 7-3). 


Inferiorlv 

The apex of the prostate lies on the upper surface 
of the urogenital diaphragm. The urethra leaves 
the prostate just above the apex on the anterior sur¬ 
face (Fig. 7-8). 


Anteriorly 

The anterior surface of the prostate is related to the 
symphysis pubis, separated from it by the extra- 
peritoneal fat in the retropubic space ( cave of Ret- 
zius). The fibrous sheath of the prostate is con¬ 
nected to the posterior aspect of the pubic bones by 
the puboprostatic ligaments. These ligaments lie 
one on either side of the midline and are conden¬ 
sations of pelvic fascia (Fig. 7-3). 
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Fig. 7-7. Right half of pelvis, showing relations of 
ureter and vas deferens. 


Posteriorly 

The posterior surface of the prostate (Figs. 7-3 and 
7-8) is closely related to the anterior surface of the 
rectal ampulla and is separated from it by the rec¬ 
tovesical septum (fascia of Denonvillier). This sep¬ 
tum is formed in fetal life bv the fusion of the walls 
of the lower end of the rectovesical pouch of peri¬ 
toneum, which originally extended down to the 
perineal body. 


Laterally 

The lateral surfaces of the prostate are embraced 
by the anterior fibers of the levator ani as they run 
posteriorly from the pubis (Fig. 7-8). 

The ejaculatory ducts pierce the upper part of 
the posterior surface of the prostate, to open into 


the prostatic urethra at the lateral margins of the 
orifice of the prostatic utricle (Fig. 7-8). 

The prostate is incompletely divided into five 
lobes (Fig. 7-8). The anterior lobe, or isthmus, lies 
in front of the urethra and is devoid of glandular 
tissue. The median, or middle, lobe is the wedge of 
gland situated between the urethra and the ejacu¬ 
latory ducts. Its upper surface is related to the tri¬ 
gone of the bladder; it is rich in glands. The pos¬ 
terior lobe is situated behind the urethra and below 
the ejaculatory ducts and also contains glandular 
tissue. The right and left lateral lobes lie on either 
side of the urethra and are separated from one an¬ 
other by a shallow vertical groove on the posterior 
surface of the prostate. The lateral lobes contain 
many glands. 

The function of the prostate is the production of 
a thin, milky fluid containing citric acid and acid 
phosphatase. It is added to the seminal fluid at the 
time of ejaculation. The smooth muscle in the cap¬ 
sule and stroma contract, and the secretion from 
the many glands is squeezed into the prostatic ure- 





















342 


7 . The Pelvis: Part II The Pelvic Cavity 





visceral pelvic fascia 


vesicle veins 


capsule of prostate 
prostatic venous plexus 


fascial sheath of prostate 


capsule 
of prostate 


levator ani 

prostatic sinus 
prostatic utricle 
urethral crest 


bladder 




-td 


lobe 


or 


anal 


posteri 
ejaculatory duct 

B 


canal 


prostatic venous plexus j urogenital diaphragm 
openings of prostatic glands 
A 


urethra 

anterior lobe 

prostatic urethra 

glands of prostate 


urethral crest 


prostatic sinus 


Fig. 7-8. Prostate in (A) coronal section, (B) sagittal 
section, and (C) horizontal section. 
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thra. The prostatic secretion is alkaline and helps 
to neutralize the acidity in the vagina. 

The arterial supply to the prostate is from 
branches of the inferior vesical and middle rectal 
arteries. The veins form the prostatic venous 
ple.vus, which is situated between the capsule of 
the prostate and the fibrous sheath (Fig. 7-8). The 
prostatic plexus receives the deep dorsal vein of the 
penis and numerous vesical veins, and drains into 
the internal iliac veins. 

The lymph vessels from the prostate drain into 
the internal iliac nodes. 

The nerve supply to the prostate is from the in¬ 
ferior hypogastric plexuses. 


Prostatic Urethra 

The prostatic urethra is about 1V4 inches (3 cm) 
long and begins at the neck of the bladder. It tra¬ 
verses the prostate and emerges on its anterior as¬ 
pect a little above the apex, where it becomes con¬ 
tinuous with the membranous part of the urethra 
(Fig. 7-8). 

The prostatic urethra is the widest and most di¬ 
latable part of the entire urethra. On the posterior 
wall is a longitudinal elevation, called the urethral 
crest (Fig. 7-8). The grooves along the sides of the 
crest are called the prostatic sinuses and receive the 
numerous openings of the prostatic glands. At the 
summit of the crest, a small diverticulum, the 
prostatic utricle (remains of fused paramesoneph- 
ric ducts), opens into the urethra. At the lateral 
margins of the utricle, the ejaculatory ducts open 
into the urethra (Fig. 7-8). 


Visceral Pelvic Fascia 

The visceral pelvic fascia is a laver of connective 
tissue that covers and supports the pelvic viscera. 
It fills in the spaces between the viscera and sup¬ 
ports the blood vessels, lymphatic vessels, and 
nerves that pass to the viscera. It is condensed to 
form the fascial sheath of the prostate and the pu¬ 
boprostatic ligaments (Figs. 7-3 and 7-8). The vis¬ 
ceral fascia is continuous below with the fascia 
covering the upper surface of the levator ani and 
coccvgeus muscles, and with the parietal pelvic fas¬ 
cia on the walls of the pelvis. 


Peritoneum 

The peritoneum is best understood by tracing it 
around the pelvis in a sagittal plane (Fig. 7-3). 

The peritoneum passes down from the anterior 
abdominal wall onto the upper surface of the uri¬ 
nary bladder. It then runs down on the posterior 
surface of the bladder for a short distance, until it 
reaches the upper ends of the seminal vesicles. 
Here, it sweeps backward to reach the anterior as¬ 
pect of the rectum, forming the shallow rectovesi¬ 
cal pouch. The peritoneum then passes up on the 
front of the middle third of the rectum and the 
front and lateral surfaces of the upper third of the 
rectum. It then becomes continuous with the pa¬ 
rietal peritoneum on the posterior abdominal wall. 
It is thus seen that the most dependent part of the 
abdomino-pelvic peritoneal cavity, with the pa¬ 
tient in the erect position, is the rectovesical pouch 
(Fig. 7-3). 

The peritoneum covering the superior surface of 
the bladder passes laterally to the lateral pelvic 
walls and does not cover the lateral surfaces of this 
viscus. It is important to remember that as the 
bladder fills, the superior wall rises up into the ab¬ 
domen and peels off the peritoneum from the an¬ 
terior abdominal wall. 


PELVIC VISCERA IN 
THE FEMALE 

The rectum, sigmoid colon, and terminal coils of 
ileum occupy the posterior part of the pelvic cavity, 
as described previously. The contents of the ante¬ 
rior part of the pelvic cavity in the female are de¬ 
scribed in the following sections. 


Urinary Bladder 

As in the male, the urinary bladder is situated im¬ 
mediately behind the pubic bones (Fig 7-9). Be¬ 
cause of the absence of the prostate, the bladder 
lies at a lower level than in the male pelvis, and the 
neck rests directly on the upper surface of the uro¬ 
genital diaphragm. The close relation of the blad¬ 
der to the uterus and the vagina is of considerable 
clinical importance (Fig. 7-9). 

The apex of the bladder lies behind the sym¬ 
physis pubis (Fig. 7-9). The base, or posterior sur- 
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face , is separated by the vagina from the rectum. 
The superior surface is related to the uterovesical. 
pouch of peritoneum and to the body of the uterus. 
The inferolateral surfaces are related in front to the 
retropubic pad of fat and the pubic bones. More 
posteriorly, they lie in contact with the obturator 
interims muscle above and the levator ani muscle 
below. The neck of the bladder rests on the upper 
surface of the urogenital diaphragm. 

The general shape and structure of the bladder, 
its blood supply, lymphatic drainage, and nerve 
supply, and the process of micturition are identical 
to the male’s. 


Ureter 

The ureter crosses the pelvic inlet in front of the 
bifurcation of the common iliac artery (Fig. 7-10). 
It runs downward and backward in front of the 
internal iliac artery and behind the ovary, until it 
reaches the region of the ischial spine. It then turns 
forward and medially beneath the base of the 
broad ligament, where it is crossed by the uterine 
artery (Figs. 7-10 and 7-11). The ureter then runs 
forward, lateral to the lateral fornix of the vagina, 
to enter the bladder. 


Ovaiy 

Each ovary is an almond-shaped organ, measuring 
lVz bv % inches (4X2 cm), and is attached to the 
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Fig. 7-10. Right half of pelvis, showing ovaiy, uter¬ 
ine tube, and vagina. 

back of the broad ligament' bv the mesovarium 
(Fig. 7-11). Usually, the ovary lies with its long axis 
vertical, but it shares in any movement of the 
broad ligament and uterus. 

That part of the broad ligament extending be¬ 
tween the attachment of the mesovarium and the 
lateral wall of the pelvis is sometimes called the 
suspensory ligament of the ovary (Fig. 7-11). 

The round ligament of the ovaiy is the remains 
of the upper part of the gubernaculum. (The round 
ligament of the uterus is the remains of the lower 
part of the gubernaculum.) It extends from the up¬ 
per end of the lateral wall of the uterus to the me¬ 
dial margin of the ovary (Figs. 7-10 and 7-11). 

The ovary usually lies against the lateral wall of 
the pelvis in a depression called the ovarian fossa. 
The fossa is bounded by the external iliac vessels 
above and by the internal iliac vessels and the ure¬ 
ter behind (Fig. 7-10). The obturator nerve crosses 


the floor of the fossa. The position of the ovarv is, 
however, extremely variable, and it is often found 
hanging down in the rectouterine pouch (pouch of 
Douglas). During pregnancy the enlarging uterus 
pulls the ovary' up into the abdominal cavity'. After 
parturition, when the broad ligament is lax, the 
ovarv takes up a variable position in the pelvis. 

The ovaries are surrounded by a thin fibrous 
capsule, the tunica albuginea. This capsule is cov¬ 
ered externally by a single layer of cuboid cells 
called the germinal epithelium. The term germinal 
epithelium is a misnomer, because the layer does 
not give rise to ova. Oogonia develop before birth 
from primordial germ cells. The germinal epithe¬ 
lium is merely a modified area of peritoneum and 
is continuous with the squamous mesothelial cells 
of the general peritoneum at the hilus of the ovary, 
where the mesovarium is attached. 

Before puberty' the ovarv is smooth, but after pu¬ 
berty the ovaiy becomes progressively scarred as 
successive corpora lutea degenerate. After the 
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7-11. (Above) Coronal section of pelvis, show- 
ing uterus, broad ligaments, and right ovaiy on 
posterior view. The left ovaiy and part of the left 
uterine tube have been removed. (Below) Uterus on 
lateral view. Note structures that lie within broad 
ligament. 
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menopause the ovary becomes shrunken and its 
surface is pitted with scars. 

The arterial supply to the ovary is the ovarian 
artery, which arises from the aorta at the level of 
the first lumbar vertebra. The ovarian vein drains 
into the inferior vena cava on the right side and 
into the left renal vein on the left. 

The lymph vessels of the ovary follow the ovarian 
artery and drain into the para-aortic nodes at the 
level of the first lumbar vertebra. 

The nerve supply to the ovary is derived from the 
aortic plexus and accompanies the ovarian artery. 

The blood supply, lymphatic drainage, and nerve 
supply of the ovary pass over the pelvic inlet and 
cross the external iliac vessels (Fig. 7-11). They then 
enter the lateral end of the broad ligament, the 
part known as the suspensory ligament of the 
ovary. The vessels and nerves finally enter the hilus 
of the ovary via the mesovarium. (Compare the 
blood supply and the lymphatic drainage of the 
ovary with that of the testis.) 


Uterine Tube 

There are two uterine tubes; each is about 4 inches 
(10 cm) long and lies in the upper border of the 
broad ligament (Figs. 7-10 and 7-11). Each con¬ 
nects the peritoneal cavity in the region of the ovary 
with the cavity of the uterus. For purposes of de¬ 
scription it is divided into four parts: the infundib¬ 
ulum, the ampulla, the isthmus, and the intra¬ 
mural part. 

The infundibulum is the funnel-shaped lateral 
extremity, which projects beyond the broad liga¬ 
ment and overlies the ovary. The free edge of the 
funnel is broken up into a number of finger-like 
processes, known as fimbriae, which are draped 
over the ovary (Figs. 7-11 and 7-12). 

The ampulla is the widest part of the tube (Fig. 
7-12); it is in this portion that fertilization of the 
ovum takes place. 

The isthmus is the narrowest part of the tube 
and lies just lateral to the uterus (Fig. 7-12). 

The intramural part is the segment that pierces 
the uterine wall (Fig. 7-12). 

The arterial supply to the uterine tube is from 
the uterine and ovarian arteries (Fig. 7-12). The 
veins correspond to the arteries. 

The lymphatic vessels follow the corresponding 


arteries and drain into the internal iliac and para¬ 
aortic nodes. 

The nerve supply is fr6m the inferior hypogastric 
plexuses. 


Function of the Uterine Tube 

The uterine tube receives the ovum from the ovarv 
and provides a site where fertilization can occur. 
The tube also provides a conduit along which the 
spermatozoa travel to reach the ovum. 


Uterus 

The uterus is a hollow, pear-shaped organ with 
thick muscular walls. In the young nulliparous 
adult it measures 3 inches (8 cm) long, 2 inches (5 
cm) wide, and 1 inch (2.5 cm) thick. For purposes 
of description it is divided into the fundus, body, 
and cervix (Fig. 7-12). 

The fundus is the part of the uterus that lies 
above the entrance of the uterine tubes. 

The body is the part of the uterus that lies below 
the entrance of the uterine tubes. It narrows below, 
where it becomes continuous with the cervix. The 
cervix pierces the anterior wall of the vagina and is 
divided into the supravaginal and vaginal parts of 
the cervix. 

The cavity of the uterine body is triangular in 
coronal section, but it is merely a cleft in the sag¬ 
ittal plane (Fig. 7-12). The cavity of the cervix, the 
cervical canal, is spindle-shaped and communi¬ 
cates with the cavity of the body through the inter¬ 
nal os, and with that of the vagina, through the 
external os. In a nullipara, the external os is circu¬ 
lar. In a parous woman, the vaginal part of the cer¬ 
vix is larger, and the external os is opened out 
transversely, so that it possesses an anterior lip and 
a posterior lip (Fig. 7-12). 

Normally, in the majority ot women, the long 
axis of the uterus is bent forward on the long axis 
of the vagina, forming an angle of 90 degrees. This 
position is referred to as anteversion of the uterus 
(Fig. 7-12). Furthermore, the long axis of the body 
of the uterus is bent forward at the level of the in¬ 
ternal os with the long axis of the cervix, forming 
an angle of about 170 degrees. This position is 
termed anteflexion of the uterus (Fig. 7-12). Thus, 
in the erect position, with the bladder empty, the 
uterus lies in an almost horizontal plane. 
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Fig. 7-12. (A) Different parts of uterine tube and 
uterus. (B) External os of cervix: (above) nullipa- 
rous; (below) parous. (C) Anteverted position of 
uterus. (D) Anteverted and anteflexed position of 
uterus. 
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In some women, the fundus and body of the 
uterus are bent backward on the vagina, so that 
they lie in the rectouterine pouch (pouch of Doug¬ 
las). In this situation the uterus is said to be retro- 
verted. If the body of the uterus is, in addition, bent 
backward on the cervix, it is said to be retroflexed. 


Structure 

The uterus is covered with peritoneum except an¬ 
teriorly, below the level of the internal os, where 
the peritoneum is reflected onto the bladder. Lat¬ 
erally, there is also a space between the attachment 
of the layers of the broad ligament. 

The muscular wall , or myometrium, is thick and 
made up of smooth muscle supported by connec¬ 
tive tissue. 

The mucous membrane lining the body of the 
uterus is known as the endometrium. It is continu¬ 
ous above with the mucous membrane lining the 

w 

uterine tubes, and below with the mucous mem¬ 
brane lining the cervix. The endometrium is ap¬ 
plied directly to the muscle, there being no sub¬ 
mucosa. From puberty to the menopause, the 
endometrium undergoes extensive changes during 
the menstrual cycle in response to the ovarian hor¬ 
mones. 


Relations 
Anteriorly 

The body of the uterus is related anteriorly to the 
uterovesical pouch and the superior surface of the 
bladder (Fig. 7-9). The supravaginal cervix is re¬ 
lated to the superior surface of the bladder. The 
vaginal cervix is related to the anterior fornix of the 
vagina. 


Posteriorly 

The body of the uterus is related posteriorly to the 
rectouterine pouch (pouch of Douglas) with coils 
of ileum or sigmoid colon within it (Fig. 7-9). 


Laterally 

The body of the uterus is related laterally to the 
broad ligament and the uterine artery and vein 
(Fig. 7-11). The supravaginal cervix is related to the 


ureter as it passes forward to enter the bladder. 
The vaginal cervix is related to the lateral fornix of 
the vagina. The uterine tubes enter the superolat¬ 
eral angles of the uterus, and the round ligaments 
of the ovary and of the uterus are attached to the 
uterine wall just below this level. 

The arterial supply to the uterus is mainly from 
the uterine arteiy, a branch of the internal iliac ar- 
tery. It reaches the uterus bv running medially in 
the base of the broad ligament (Fig. 7-11). It 
crosses above the ureter at right angles and reaches 
the cervix at the level of the internal os (Fig. 7-12). 
The artery then ascends along the lateral margin of 
the uterus within the broad ligament and ends by 
anastomosing with the ovarian artery, which also 
assists in supplying the uterus. The uterine arteiy 
gives off a small descending branch that supplies 
the cervix and the vagina. 

The uterine vein follows the arteiy and drains 
into the internal iliac vein. 

The lymphatic vessels from the fundus of the 
uterus accompanv the ovarian arterv and drain 
into the para-aortic nodes at the level of the first 
lumbar vertebra. The vessels from the body and 
cervix drain into the internal and external iliac 
lymph nodes. A few lymph vessels follow the round 
ligament of the uterus through the inguinal canal 
and drain into the superficial inguinal Lymph 
nodes. 

The nerve supply to the uterus is from branches 
of the inferior hypogastric plexuses. 


Supports of the Uterus 

The uterus is supported mainly by (1) the tone of 
the levatores ani muscles and (2) the condensations 
of pelvic fascia, which form three important liga¬ 
ments. 


THE LEVATORES ANI MUSCLES AND 
THE PERINEAL BODY 

The origin and the insertion of the levatores ani 
muscles have been described in Chapter 6. They 
form a broad muscular sheet stretching across the 
pelvic cavity, and together with the pelvic fascia on 
their upper surface, they effectively support the 
pelvic viscera and resist the intra-abdominal pres¬ 
sure transmitted downward through the pelvis. 
The medial edges of the anterior parts of the leva- 
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Fig. 7-13. Coronal section of pelvis, showing rela¬ 
tion of levatores ani muscles and transverse cervi 
cal ligaments to uterus and vagina. 


tores ani muscles are attached to the cervix of the 
uterus bv the pelvic fascia (Fig. 7-13). 

Some of the fibers of levatore ani are inserted 
into a fibromuscular structure called the perineal 
body (Fig. 7-9). This structure is important in 
maintaining the integrity of the pelvic floor, and 
should it be damaged during childbirth, prolapse 
of the pelvic viscera may occur. The perineal body 
lies in the perineum between the vagina and the 
anal canal. It is slung up to the pelvic walls by the 
levatores ani, and thus supports the vagina and in¬ 
directly supports the uterus. 


THE TRANSVERSE CERVICAL, 
PUBOCERVICAL, AND SACROCERVICAL 
LIGAMENTS 

These three ligaments are condensations of pelvic 
fascia on the upper surface of the levatores ani 
muscles. They are attached to the cervix and the 
vault of the vagina and play an important part in 


supporting the uterus and keeping the cervix in its 
correct position (Figs. 7-13 and 7-14). 


Transverse Cervical Ligaments 

Transverse cervical ligaments are fibromuscular 
condensations of pelvic fascia that pass to the cer¬ 
vix and the upper end of the vagina from the lateral 
walls of the pelvis. 


Pubocervical Ligaments 

The pubocervical ligaments consist of two firm 
bands of connective tissue that pass to the cervix 
from the posterior surface of the pubis. They are 
positioned on either side of the neck of the bladder, 
to which they give some support (pubovesical lig¬ 
aments ). 


Sacrocervical Ligaments 

The sacrocervical ligaments consist of two firm fi¬ 
bromuscular bands of pelvic fascia that pass to the 
cervix and the upper end of the vagina from the 
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Fig. 7-14. Ligamentous supports of uterus. (A) As 
seen from below, and (B) lateral view. 
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lower end of the sacrum. They form two ridges, 
one on either side of the rectouterine pouch (pouch 
of Douglas). 

The broad ligaments and the round ligaments of 
the uterus are lax structures, and the uterus may 
be pulled up or pushed down for a considerable 
distance before they become taut. Clinically, they 
are considered to play a very minor role in sup¬ 
porting the uterus. 

The round ligament of the uterus, which repre¬ 
sents the remains of the lower half of the guber- 
naculum, extends between the superolateral angle 
of the uterus, through the deep inguinal ring and 
inguinal canal, to the subcutaneous tissue of the 
labium majus (Fig. 7-10). It helps to keep the 
uterus anteverted and anteflexed, but it is consid¬ 
erably stretched during pregnancy. 


UTERUS IN THE CHILD 

The uterus remains small until puberty, when it 
enlarges greatly in response to the estrogens se¬ 
creted by the ovaries. 


UTERUS AFTER THE MENOPAUSE 

After the menopause, the uterus atrophies and be¬ 
comes smaller and less vascular. These changes oc¬ 
cur because the ovaries no longer produce estro¬ 
gens and progesterone. 


UTERUS IN PREGNANCY 

During pregnancy, the uterus becomes greatly en¬ 
larged as the result of the increasing production of 
estrogens and progesterone, first bv the corpus lu- 
teum of the ovary and later by the placenta. At first 
it remains as a pelvic organ but by the third month, 
the fundus rises out of the pelvis, and by the ninth 
month it has reached the xiphoid process. The in¬ 
crease in size is largely due to hypertrophy of the 
smooth muscle fibers of the myometrium, al¬ 
though some hyperplasia does take place. 


ROLE OF THE UTERUS IN LABOR_ 

Labor, or parturition, is the series of processes by 
which the baby, the fetal membranes, and the pla¬ 


centa are expelled from the genital tract of the 
mother. Normally this process takes place at the - 
end of the tenth lunar month, at which time the t| 
pregnancy is said to be at term. 

The cause of the onset of labor is not definitely i 
known. By the end of pregnancy, the contractility i. 
of the uterus has been fully developed in response 
to estrogen, and it is particularly sensitive to the 
actions of oxytocin at this time. It is possible that 
the onset of labor is triggered by the sudden with¬ 
drawal of progesterone. Once the presenting part 
(usually the fetal head) starts to stretch the cervix, . 
it is thought that a nervous reflex mechanism is ; 
initiated that increases the force of the contractions 
of the uterine body. ; 

It is interesting to note that the uterine muscular f 
activity is largely independent of the extrinsic in¬ 
nervation. In women in labor, spinal anesthesia s 
does not interfere with the normal uterine contrac- f 
tions. Severe emotional disturbance, however, may 
cause premature parturition. 


Vagina 

The vagina is the female organ for copulation; it 
serves as the excretory duct for the uterus and 
forms part of the birth canal. 

The vagina extends upward and backward from 
the vulva (Fig. 7-9). It measures about 3 inches (8 
cm) long and has anterior and posterior walls, 
which are normally in apposition. At its upper end 
the anterior wall is pierced by the cervix, which 
projects downward and backward into the vagina. 
It is important to remember that the upper half of 
the vagina lies above the pelvic floor and the lower 
half lies within the perineum (Figs. 7-9 and 7-13). 
The area of the vaginal lumen, which surrounds 
the cervix, is divided for purposes of description 
into four regions, or fomices: anterior, posterior, 
right lateral, and left lateral. A thin mucosal fold 
called the hymen surrounds the entrance to the 
vaginal orifice. After childbirth the hymen usually 
consists only of tags. 


Relations 

Anteriorly 

The vagina is closely related to the bladder above 
and to the urethra below (Fig. 7-9). 
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Posteriorly 

S The upper third of the vagina is related to the rec¬ 
touterine pouch (pouch of Douglas) and its middle 
third, to the ampulla of the rectum. The lower 
third is related to the perineal body, which sepa¬ 
rates it from the anal canal (Fig. 7-9). 


Laterally 

I In its upper part, the vagina is related to the ureter; 
its middle part is related to the anterior fibers of 
the levator ani, as they run backward to reach the 
perineal body and hook around the anorectal junc¬ 
tion (Figs. 7-11 and 7-13). Contraction of the fibers 

! of levator ani compress the walls of the vagina to¬ 
gether. In its lower part, the vagina is related to the 
urogenital diaphragm (see Chap. 8) and the bulb 
of the vestibule. 

The arterial supply to the vagina is from the vag¬ 
inal artery, a branch of the internal iliac artery; it 
is also supplied by a vaginal branch of the uterine 
artery. The vaginal veins form a plexus around the 
vagina that drains into the internal iliac vein. 

The lymphatic vessels from the upper third of the 
vagina drain to the external and internal iliac 
nodes; from the middle third, to the internal iliac 
nodes; and from the lower third, to the superfical 
inguinal nodes. 

The nerve supply to the vagina is from the infe¬ 
rior hypogastric plexuses. 


SUPPORTS OF THE VAGINA _ 

The upper part of the vagina is supported by the 
levatores ani muscles and the transverse cervical, 
pubocervical, and sacrocervical ligaments. These 
structures are attached to the vaginal wall by pelvic 
fascia (Figs. 7-13 and 7-14). 

The middle part of the vagina is supported by 
the urogenital diaphragm. (See Chap. 8.) 

The lower part of the vagina, especially the pos¬ 
terior wall, is supported by the perineal body (Fig. 
7-9). 


Visceral Pelvic Fascia 

The visceral pelvic fascia is a layer of connective 
tissue, which, as in the male, covers and supports 
the pelvic viscera. It is condensed to form the pubo¬ 


cervical, transverse cervical, and sacrocervical lig¬ 
aments of the uterus (Fig. 7-14). Clinically, the pel¬ 
vic fascia in the region of the uterus is often 
referred to as the parametrium. The visceral fascia 
is continuous below with the fascia covering the 
upper surface of the levatores ani and coccygeus 
muscles, and on the walls of the pelvis, with the 
parietal pelvic fascia. 


Peritoneum 

The peritoneum in the female, as in the male, is 
best understood by tracing it around the pelvis in a 
sagittal plane (Fig. 7-9). 

The peritoneum passes down from the anterior 
abdominal wall onto the upper surface of the uri¬ 
nary bladder. It then runs directly onto the anterior 
surface of the uterus, at the level of the internal os. 
The peritoneum now passes upward over the an¬ 
terior surface of the body and fundus of the uterus 
and then downward over the posterior surface. It 
continues downward and covers the upper part of 
the posterior surface of the vagina, where it forms 
the anterior wall of the rectouterine pouch (pouch 
of Douglas). The peritoneum is then reflected onto 
the front of the rectum, as in the male. 

In the female the most dependent part of the ab- 
domino-pelvic peritoneal cavity in the erect posi¬ 
tion is the rectouterine pouch. 


BROAD LIGAMENTS 

The broad ligaments are two-layered folds of peri¬ 
toneum that extend across the pelvic cavity from 
the lateral margins of the uterus to the lateral pel¬ 
vic walls (Fig. 7-11). Superiorly, the two layers are 
continuous and form the upper free edge. Inferi- 
orly, at the base of the ligament, the layers separate 
to cover the pelvic floor. The ovary is attached to 
the posterior layer by the mesovarium. That part of 
the broad ligament that lies lateral to the attach¬ 
ment of the mesovarium is sometimes referred to 
as the suspensory ligament of the ovary. The part of 
the broad ligament between the uterine tube and 
the mesovarium is called the mesosalpinx. 

At the base of the broad ligament, the uterine 
artery crosses the ureter (Figs. 7-11 and 7-13). 
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Fig. 7-15. Cross section of the male pelvis as seen 
from above. 
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Fig. 7-16. Cross section of the female pelvis as seen 
from below. 
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Fig. 7-17. CT scan of pelvis follow ing a barium 
meal and intravenous pyelography. Note the pres¬ 
ence of the radiopaque material in the small intes¬ 
tine and the right ureter. The section is view ed 
from below . 



Fig. 7-18, Anteroposterior radiograph of the male 
pelvis. 
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Fig. 7-19. Diagrammatic representation of radi¬ 
ograph of pelvis seen in Figure 7-18. 


Each broad ligament contains the following: 

1. The uterine tube in its upper free border. 

2. The round ligament of the ovary and the round 
ligament of the uterus. 

3. The uterine and ovarian blood vessels, lymphat¬ 
ics, and nerves. 

4. The epoophoron. This is a vestigial structure that 
lies in the broad ligament above the attachment 
of the mesovarium. It represents the remains of 
the mesonephros (Fig. 7-11). 

5. The paroophoron. This is also a vestigial struc¬ 
ture that lies in the broad ligament just lateral 
to the uterus. It is a mesonephric remnant (Fig. 
7-11). 


Cross-Sectional Anatomy 
of the Pelvis 

In order to assist you in the interpretation of CT 
scans of the pelvis, you should study the labeled 
cross sections of the pelvis shown in Figures 7-15 
and 7-16. (See Fig. 7-17 for CT scan.) 


Radiographic Appearances of 
the Bony Pelvis 

A routine anteroposterior view of the pelvis is taken 
with the patient in the supine position and with the 
cassette underneath the tabletop. Unfortunately, a 
somewhat distorted view of the lower part of the 
sacrum and coccyx is obtained, and these bones 
may be partially obscured by the symphysis pubis. 
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Fig. 7-20. Anteroposterior radiograph of female pel¬ 
vis following injection of radiopaque compound 
into uterine cavity (hysterosalpingogram). 

A better view of the sacrum and coccyx may be 
obtained bv slightly tilting the X-ray tube. 

An anteroposterior radiograph should be sys¬ 
tematically examined (Figs. 7-18 and 7-19). The 
lower lumbar vertebrae, sacrum, and coccyx may 
be looked at first, followed by the sacroiliac joints, 
the different parts of the innominate bones, and 
finally the hip joints and the upper ends of the fe¬ 
murs. Gas and fecal material may be seen in the 
large bowel, and soft-tissue shadows of the skin 
and subcutaneous tissues may also be visualized. 

To demonstrate the sacrum and sacroiliac joints 
more clearly, lateral and oblique views of the pelvis 
are often taken. 


Radiographic Appearances of 
the Sigmoid Colon and Rectum 

Barium Enema 

The pelvic colon and rectum can be demonstrated 
by the administration of 2 to 3 pints (1 L) of bar¬ 
ium sulfate emulsion slowly through the anus. The 
appearances of the pelvic colon are similar to those 
seen in the more proximal parts of the colon, but a 
distended sigmoid colon usually shows no saccu- 
lations. The rectum is seen to have a wider caliber 
than the colon. 

A contrast enema is sometimes very useful for 
examining the mucous membrane of the sigmoid 
colon. The barium enema is partly evacuated and 
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air is injected into the colon. By this means the 
walls of the colon become outlined (see Fig. 5-60). 


Radiographic Appearances of 
the Female Genital Tract 

The instillation of viscous iodine preparations 
through the external os of the uterus allows the lu¬ 


men of the cervical canal, the uterine cavity, and 
the different parts of the uterine tubes to be visu¬ 
alized (Fig. 7-20). This procedure is known as 
hysterosalpingography. The patency of these struc¬ 
tures will be demonstrated by the entrance into the 
peritoneal cavitv of some of the opaque medium. 

A sonogram of the female pelvis shows the 
uterus and the vagina (Fig. 7-23). 


CLINICAL NOTES _ 

Sigmoid Colon (Pelvic Colon) 

The sigmoid colon shows great variation in length 
and may measure as much as 36 inches (91 cm). 
In the young child, since the pelvis is of small size, 
this segment of the colon may lie mainly in the ab¬ 
domen. Because of its extreme mobility, the pelvic 
colon sometimes rotates around its mesentery. This 
may correct itself spontaneously, or the rotation 
may continue until the blood supply of the gut is 
cut off completely. The rotation commonly occurs 
in a counterclockwise direction, and is referred to 
as volvulus. 

The sigmoid colon is often selected as a site for 
performing a colostomy in patients with carcinoma 
of the rectum. Its mobility allows the surgeon to 
bring out a loop of colon, with its blood supply in¬ 
tact, through a small incision in the left iliac region 
of the anterior abdominal wall. Its mobility also 
makes it suitable for implantation of the ureters 
following surgical removal of the bladder. 

Diverticula of the mucous membrane along the 
course of the arteries supplying the sigmoid colon 
is a common clinical condition and has been de¬ 
scribed on page 285. In patients with diverticulitis 
or ulcerative colitis, the sigmoid colon may become 
adherent to the bladder, rectum, ileum, or ureter 
and produce an internal fistula. Since the sigmoid 
colon lies only a short distance from the anus ( 6 V 2 
inches, or 17 cm), it is possible to examine the mu¬ 
cous membrane under direct vision for pathologi¬ 
cal conditions. A tube fitted with lenses and illu¬ 
minated internally is introduced through the anus 
and carefully passed up through the anal canal and 
rectum to the sigmoid colon. This examination, 
called sigmoidoscopy, can be carried out without 


an anesthetic in an outpatient clinic. Biopsy speci¬ 
mens of the mucous membrane may be obtained 
through this instrument. 

The sigmoid colon is a common site for cancer 
of the large bowel. Since the lymphatic vessels of 
this segment of the colon drain ultimately into the 
inferior mesenteric nodes, it follows that an exten¬ 
sive resection of the gut and its associated lym¬ 
phatic field is necessary to extirpate the growth and 
its local lymphatic metastases. The colon is re¬ 
moved from the left colic flexure to the distal end 
of the sigmoid colon, and the transverse colon is 
anastomosed to the rectum. 


Rectum 

The anteroposterior flexure of the rectum, as it fol¬ 
lows the curvature of the sacrum and coccyx, and 
the three lateral flexures, must be remembered 
when one is passing a sigmoidoscope, to avoid 
causing the patient unnecessary discomfort. 

The three crescentic transverse mucosal folds of 
the rectum, two on the left rectal wall and one on 
the right, must also be borne in mind when passing 
an instrument into the rectum. It is thought that 
these folds serve to support the weight of the feces 
and to prevent excessive distention of the rectal 
ampulla. 

The chief arterial supply to the rectum is from 
the superior rectal artery, a continuation of the in¬ 
ferior mesenteric artery. In front of the third sacral 
vertebra, the artery divides into right and left 
branches. Halfway down the rectum, the right 
branch divides into an anterior and posterior 
branch. The tributaries of the superior rectal vein 
are arranged in a similar manner, so that it is not 
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surprising to find that internal hemorrhoids are ar¬ 
ranged in three groups (see Chap. 8): two on the 
right side of the lower rectum and anal canal, and 
one on the left. 

Partial and complete prolapses of the rectum 
through the anus are relatively common clinical 
conditions. In partial prolapse, the rectal mucous 
membrane and submucous coat protrude for a 
short distance outside the anus. In complete pro¬ 
lapse, the whole thickness of the rectal wall pro¬ 
trudes through the anus. In both conditions, many 
causative factors may be involved. However, dam¬ 
age to the levatores ani muscles as the result of 
childbirth and poor muscle tone in the aged are 
important contributing factors. A complete rectal 
prolapse mav be regarded as a sliding hernia 
through the pelvic diaphragm. 

Cancer (carcinoma) of the rectum is a very com¬ 
mon clinical finding. Fortunately, it remains local¬ 
ized to the rectal wall for a considerable time. At 
first, it tends to spread locally in the lymphatics 
around the circumference of the bowel. Later, it 
spreads upward and laterally along the lvmph ves¬ 
sels, following the superior rectal and middle rectal 
arteries. Venous spread occurs late, and since the 
superior rectal vein is a tributary of the portal vein, 
the liver is a common site for secondary deposits. 

Once the malignant tumor has extended beyond 
the confines of the rectal wall, a knowledge of the 
anatomical relations of the rectum will enable a 
physician to assess the structures and organs likely 
to be involved. In both sexes, a posterior penetra¬ 
tion will involve the sacral plexus and may cause 
severe intractable pain down the leg in the distri¬ 
bution of the sciatic nerve. A lateral penetration 
may involve the ureter. An anterior penetration in 
the male may involve the prostate, seminal vesicles, 
or bladder; in the female, the vagina and uterus 
may be invaded. 

It is clear from the anatomy of the rectum and 
its lvmphatic drainage that a wide resection of the 
rectum with its lvmphatic field offers the best 
chance of cure. When the tumor has spread to con¬ 
tiguous organs and is of a low grade of malignancy, 
some form of pelvic evisceration may be justifiable. 

It is most important for a medical student to re¬ 
member that the interior of the lower part of the 
rectum can be examined bv a gloved index finger 
introduced through the anal canal. The anal canal 
is about lVz inches (4 cm) long, so that the pulp of 


the index finger can easily feel the mucous mem¬ 
brane lining the lower end of the rectum. The great 
majority of cancers of the rectum can be diagnosed 
by this means. This examination can be extended 
in both sexes by placing the other hand on the 
lower part of the anterior abdominal wall. With 
the bladder empty, the anterior rectal wall can be 
examined bimanuallv. In the female, the placing of 
one finger in the vagina and another in the rectum 
may enable the physician to make a thorough ex¬ 
amination of the lower part of the anterior rectal 
wall. 

Proctoscopy, the introduction of an internally il¬ 
luminated tubular instrument through the anus, 
enables the physician to examine the greater part 
of the rectal mucosa under direct vision. If the rec- 
topelvic junction cannot be seen, a sigmoidoscope 
should be used. 


“Pelvic Appendix” 

If an inflamed appendix is hanging down into the 
pelvis there may be no abdominal tenderness in the 
right iliac region, but deep tenderness may be ex¬ 
perienced in the hypogastric region. Rectal exami¬ 
nation (or vaginal examination in the female) may 
reveal tenderness of the peritoneum in the pelvis on 
the right side. Should such an inflamed appendix 
perforate, a localized pelvic peritonitis may result. 


Urinary Bladder 

The full bladder in the adult projects up into the 
abdomen and may be palpated in the hvpogas- 
trium. In a patient with a full bladder, a severe 
blow on the lower part of the anterior abdominal 
wall mav therefore result in intraperitoneal rup¬ 
ture of the bladder. 

As the bladder fills, the superior wall rises out of 
the pelvis and peels the peritoneum off the poste¬ 
rior surface of the anterior abdominal wall. In 
cases of acute retention of urine, when catheteri¬ 
zation has failed, it is possible to pass a needle into 
the bladder through the anterior abdominal wall 
above the svmphvsis pubis without entering the 
peritoneal cavity. This is a simple method of drain¬ 
ing off the urine in an emergency; but if the blad¬ 
der is allowed to refill, leakage mav occur into the 
extraperitoneal space through the puncture hole. 

Bimanual palpation of the empty bladder with 
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or without a general anesthetic is an important 
method of examining the bladder. In the male, one 
hand is placed on the anterior abdominal wall 
above the symphysis pubis, and the gloved index 
linger of the other hand is inserted into the rectum. 
From vour knowledge of anatomy, you can sec that 
the bladder wall can be palpated between the ex¬ 
amining fingers. In the female, an abdominovag¬ 
inal examination can be similarly made. In the 
child, the bladder is in a higher position than in the 
adult, due to the relatively smaller size of the pel¬ 
vis. For this reason, when making a low abdominal 
incision, the surgeon must make sure that the 
child's bladder is empty. 

Cystoscopy. The mucous membrane of the blad¬ 
der, the two ureteric orifices, and the urethral 
meatus can easily be observed by means of a evs- 
toscopc. With the bladder distended with fluid, an 
illuminated tube fitted with lenses is introduced 
into the bladder through the urethra. Over the tri¬ 
gone the mucous membrane is pink and smooth. 
If the bladder is partially emptied, the mucous 
membrane over the trigone remains smooth, but is 
thrown into folds elsewhere. The ureteric orifices 
arc slitlike and eject a drop of urine at intervals of 
about 1 minute. The interurcteric ridge and the 
uvula vesicae may be recognized easilv. 

The bladder is normally supported bv the vis¬ 
ceral pelvic fascia, which in certain areas is con¬ 
densed to form ligaments. However, the most im¬ 
portant support for the bladder is the tone of the 
levatores ani muscles. In the female, a difficult la¬ 
bor, especially one in which forceps are used, ex¬ 
cessively stretches the supports of the bladder neck, 
and the normal angle between the urethra and the 
posterior wall of the bladder is lost. This injury 
causes stress incontinence , a condition of partial 
urinary incontinence occurring when the patient 
coughs or strains or laughs excessivelv. 


SPINAL CORD INJURIES 

Following injuries to the spinal cord, the nervous 
control of micturition is disrupted. 

The normal bladder is innervated as follows: 

Sympathetic outflow is from the first and second 
lumbar segments of the spinal cord. 
Parasympathetic outflow is from the second, third, 
and fourth sacral segments of the spinal cord. 


Sensory nerve fibers enter the spinal cord at the 

above segments. 

The atonic bladder occurs during the phase of 
spinal shock immediately following the injury and 
mav last for a few days to several weeks. The blad¬ 
der wall muscle is relaxed, the sphincter vesicae 
tightlv contracted, and the sphincter urethrae re¬ 
laxed. The bladder becomes greatly distended and 
fmallv overflows. Depending on the level of the 
cord injury, the patient either will or will not be 
aware that the bladder is full. 

The automatic reflex bladder (Fig. 7-21) occurs 
after the patient has recovered from spinal shock, 
provided that the cord lesion lies above the level of 
the parasvmpathetic outflow (S2, 3, and 4). It is the 
type of bladder normally found in infancy. The 
bladder fills and empties reflexly. Stretch receptors 
in the bladder wall are stimulated as the bladder 
fills, and the afferent impulses pass to the spinal 
cord (segments S2, 3, and 4). Efferent impulses 
pass down to the bladder muscle, which contracts; 
the sphincter vesicae and the urethral sphincter 
both relax. This simple reflex occurs every 1 to 4 
hours. 

The autonomous bladder (Fig. 7-21) is the con¬ 
dition that occurs if the sacral segments of the 
spinal cord are destroyed. It should be remem¬ 
bered that the sacral segments of the spinal cord 
are situated in the upper part of the lumbar region 
of the vertebral column (see p. 936). The bladder 
is without any external reflex control. The bladder 
wall is flaccid, and the capacity of the bladder is 
greatly increased. It merely fills to capacity and 
overflows; continual dribbling is the result. The 
bladder may be partially emptied by manual 
compression of the lower part of the anterior ab¬ 
dominal wall, but infection of the urine and back¬ 
pressure effects on the ureters and kidneys are in¬ 
evitable. 


Ureter 

In the female the close relation of the ureter to the 
cervix and vagina is an important fact clinically. 
Disease of the lower end of the ureter mav be di¬ 
agnosed by digital palpation through the lateral 
fornix of the vagina. When performing a hysterec¬ 
tomy, the surgeon must always remember the re¬ 
lation of the uterine arterv to the ureter beneath the 
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Fig. 7-21. Nervous control of bladder following (A) 
section of spinal cord in high thoracic region and 
(B) destruction of sacral segments of cord. Sympa¬ 
thetic fibers have been omitted for the sake of sim¬ 
plification. 
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base of the broad ligament. A badly placed ligature 
around the uterine artery could easily include the 
ureter. 

Ureteric calculi are discussed on page 291. It will 
be remembered that the ureter is narrowed ana¬ 
tomically where it bends down into the pelvis at 
the pelvic brim and where it passes through the 
bladder wall. It is at these sites that urinary calculi 
mav be arrested. 

When a calculus enters the lower pelvic part of 
the ureter, the pain is often referred to the testis 
and tip of the penis in the male and the labium 
majus in the female. 


Prostate 

The normal prostate has been seen to have a fi¬ 
brous capsule, and external to this, a prostatic 
sheath of visceral pelvic fascia. Between the fibrous 
capsule and the prostatic sheath lies the prostatic 
venous plexus. Microscopically, the prostate is seen 
to be made up of numerous glands embedded in a 
fibromuscular stroma. The ducts of the glands 
open into the prostatic sinus on either side of the 
urethral crest. The arrangement of the glands is 
shown in Figure 7-8. 

The urethra and ejaculatory ducts make it pos¬ 
sible to divide up the prostate into five lobes, which 
have been described on page 341. The median, or 
middle, lobe, which lies between the urethra and 
the ejaculatory ducts, contains more glandular ma¬ 
terial than the other lobes. Clinically, it is therefore 
not surprising to find that the median lobe is often 
principally affected in the cases of benign enlarge¬ 
ment of the prostate. 

It is now generally believed that the normal glan¬ 
dular activity of the prostate is controlled by the 
androgens and estrogens circulating in the blood¬ 
stream. The secretions of the prostate are poured 
into the urethra during ejaculation and are added 
to the seminal fluid. Acid phosphatase is an im¬ 
portant enzyme present in the secretion in large 
amounts. When the glandular cells producing this 
enzyme cannot discharge their secretion into the 
ducts, as in carcinoma of the prostate, the serum 
acid phosphatase level of the blood rises. 

The prostate can be examined clinically by pal¬ 
pation by performing a rectal examination (see 
page 395). The examiner’s gloved finger can feel 


the posterior surface of the prostate through the 
anterior rectal wall. 

Benign enlargement of the prostate is common 
in men over 50 years of age. The cause is possibly 
an imbalance in the hormonal control of the gland. 
The median lobe of the gland enlarges upward and 
encroaches within the sphincter vesicae, located at 
the neck of the bladder. The leakage of urine into 
the prostatic urethra causes an intense reflex desire 
to micturate. The enlargement of the median and 
lateral lobes of the gland produces elongation and 
lateral compression and distortion of the urethra, 
so that the patient experiences difficulty in passing 
urine, and the stream is weak. Back-pressure ef¬ 
fects on the ureters and both kidneys are a com¬ 
mon complication. The enlargement of the uvula 
vesicae (due to the enlarged median lobe) results 
in the formation of a pouch of stagnant urine be¬ 
hind the urethral orifice within the bladder (Fig. 7- 
22). The stagnant urine frequently becomes in¬ 
fected, and the inflamed bladder (cystitis) adds to 
the patient's symptoms. 

In all operations on the prostate, the surgeon re¬ 
gards the prostatic venous plexus with respect. The 
veins have very thin walls, are valveless, and are 
drained by several large trunks directly into the in¬ 
ternal iliac veins. Damage to these veins may result 
in a severe hemorrhage. Batson has shown that 
there are many connections between the prostatic 
venous plexus and the vertebral veins. During 
coughing and sneezing or abdominal straining, it 
is possible for prostatic venous blood to flow in a 
reverse direction and enter the vertebral veins. This 
may well be the explanation for the frequent oc¬ 
currence of skeletal metastases in the lower verte¬ 
bral column and pelvic bones of patients with car¬ 
cinoma of the prostate. Cancer cells could enter the 
skull via this route by floating up the valveless pros¬ 
tatic and vertebral veins. 


Ovary 

Before puberty, the ovary is smooth, but it becomes 
increasingly puckered by repeated ovulation. After 
the menopause the ovary becomes shriveled and 
shrinks in size. 

The ovary is kept in position by the broad liga¬ 
ment and the mesovarium. Following pregnancy 
the broad ligament is lax, and the ovaries may pro¬ 
lapse into the rectouterine pouch (pouch of Doug- 
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Fig. 7-22. Sagittal section of a prostate that had 
undergone benign enlargement of median lobe. 
Note presence of bladder pouch filled with stag¬ 
nant urine behind prostate. 

las). In these circumstances, the ovary may be 
tender and cause discomfort on sexual intercourse 
(dyspareunia). An ovary situated in the rectouter¬ 
ine pouch may be palpated through the posterior 
fornix of the vagina. 


Uterine Tube 

The uterine tube lies in the upper free border of the 
broad ligament and is a direct route of communi¬ 
cation from the vulva through the vagina and uter¬ 
ine cavity to the peritoneal cavity. It is the route 
along which gonorrhea spreads to involve the pel¬ 
vic peritoneum. 

Acute inflammation of the uterine tube and 
ovary (salpingo-oophoritis) produces lower ab¬ 
dominal pain, which is usually bilateral. 

Implantation of a fertilized ovum may occur 
outside the uterine cavity in the wall of the uterine 
tube. This is a variety of ectopic pregnancy. There 
being no decidua formation in the tube, the erod¬ 
ing action of the trophoblast quickly destroys the 
wall of the tube. Tubal abortion or rupture of the 
tube, with the effusion of a large quantity of blood 
into the peritoneal cavity, is the common result. 

Ligation and division of the uterine tubes is a 
method of obtaining permanent birth control and 


is usually restricted to those women who already 
have children. The ova that are discharged from 
the ovarian follicles degenerate in the tube proxi¬ 
mal to the obstruction. If, later, the woman wishes 
to have an additional child, restoration of the con¬ 
tinuity of the uterine tubes can be attempted, and, 
in about 20 percent of women, fertilization occurs. 


Uterus 

A "Teat deal of useful clinical information can be 

o 

obtained about the state of the uterus, uterine 
tubes, and ovaries from a bimanual examination. 
The examination is easiest in parous women who 
are able to relax while the examination is in prog¬ 
ress. In patients in whom it causes distress, the ex¬ 
amination may be performed under an anesthetic. 
With the bladder empty, the vaginal portion of the 
cervix is first palpated with the index finger of the 
right hand. The external os is circular in the nullip- 
arous woman, but has anterior and posterior lips 
in the multiparous woman. The cervix normally 
has the consistency of the end of the nose, but in 
the pregnant uterus it is soft and vascular and has 
the consistency of the lips. The left hand is then 
placed gently on the anterior abdominal wall in the 
hvpogastrium, and the fundus and body of the 
uterus mav be palpated between the abdominal 
and vaginal fingers situated in the anterior fornix. 
The size, shape, and mobility of the uterus can 
then be ascertained. 
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Fig. 7-23. Sonogram of female pelvis, showing the 
uterus and the vagina. (Courtesy of Dr. M. C. Hill.) 


In the majority of women, the uterus is ante- 
verted and anteflexed. A retroverted, retroflexed 
uterus can be palpated through the posterior vagi¬ 
nal fornix. 

The great importance of the tone of the levatores 
ani muscles in supporting the uterus has already 
been emphasized. The importance of the trans¬ 
verse cervical, pubocervical, and sacrocervical lig¬ 
aments in positioning the cervix within the pelvic 
cavity has been considered. Damage to these struc¬ 
tures during childbirth, or general poor body mus¬ 
cular tone, may result in downward displacement 
of the uterus, called uterine prolapse. It most com¬ 
monly reveals itself after the menopause, when the 
visceral pelvic fascia tends to atrophy along with 
the pelvic organs. In advanced cases, the cervix de¬ 


scends the length of the vagina and may protrude 
through the orifice. 

Because of the attachment of the cervix to the 
vaginal vault, it follows that prolapse of the uterus 
is always accompanied bv some prolapse of the va¬ 
gina. 

A sonogram of the female pelvis can be used to 
visualize the uterus and the developing fetus, and 
the vagina (Fig. 7-23). 


Vagina 

The anatomical relations of the vagina are of great 
clinical importance. Many pathological conditions 
occurring in the female pelvis may be diagnosed by 
a simple vaginal examination. 

The following structures may be palpated 
through the vaginal walls from above downward. 
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Anteriorly 

(1) The bladder and (2) the urethra. 


Posteriorly 

(1) Loops of ileum and sigmoid colon in the rec¬ 
touterine peritoneal pouch (pouch of Douglas), (2) 
the rectal ampulla, and (3) the perineal body. 


Laterally 

(1) The ureters, (2) the pelvic fascia and the ante¬ 
rior fibers of the levatores ani muscles, and (3) the 
urogenital diaphragm. 

The vaginal vault is supported bv the same struc¬ 
tures that support the uterine cervix. Prolpase of 
the uterus is necessarily associated with some de¬ 
gree of sagging of the vaginal walls. However, if the 


supports of the bladder, urethra, or anterior rectal 
wall are damaged in childbirth, prolapse of the va¬ 
ginal walls occurs with the uterus remaining in its 
correct position. 

Sagging of the bladder results in the bulging of 
the anterior wall of the vagina, a condition known 
as a lystocele. When the ampulla of the rectum sags 
against the posterior vaginal wall, the bulge is 
called a rectocele. 

The closeness of the peritoneal cavity to the pos¬ 
terior vaginal fornix enables the physician to drain 
a pelvic abscess through the vagina without per¬ 
forming a major operation. Unfortunately, the 
closeness of the peritoneal cavity to the vagina may 
be a disadvantage. Many a woman in the past died 
as the result of an amateur abortionist’s thrusting 
his nonsterile instruments through the posterior 
vaginal fornix instead of through the external os of 
the cervix. Death from peritonitis has been the cor¬ 
oner’s verdict. 


CLINICAL PROBLEMS 

1. A 45-vear-old woman visited her physician 
complaining of colicky pain in the lower abdo¬ 
men. She had noticed that her bowel move¬ 
ments had recently become irregular, and she 
often had a strong desire to defecate, but only 
succeeded in passing blood-stained mucus. On 
vaginal examination, the genital tract was 
found to be normal, but a firm, mobile swell¬ 
ing could be palpated through the posterior for¬ 
nix, situated in the rectouterine pouch. Digital 
rectal examination revealed nothing abnormal. 
Using your knowledge of anatomy, name the 
structure in the rectouterine pouch that is likely 
to be diseased. What additional examination 
would you perform? 

2. A 30-vear-old man involved in a barroom brawl 
was admitted to the hospital in a state of severe 
shock. He was found to have a blood-stained 
tear on the seat of his trousers and lacerations 
of the anal margin. During the fight he was 
knocked down and fell in the sitting position on 
the leg of an upturned chair. While he was un¬ 
der observation, the signs and symptoms of 
peritonitis developed. What parts of the lower 
bowel are related to the peritoneal cavity? 

3. An embarrassed 58-vear-old man visited the 


Answers on page 966 

outpatient clinic complaining that he had 
something in his ‘‘back passage” that he could 
not remove. Digital rectal examination revealed 
a hard object located about 3 inches (8 cm) 
above the anus that filled the distended lumen 
of the rectum. Examination with a protoscope 
showed the base of a glass container. What an- 
atomical structures are present in the rectum 
that might resist the patient’s efforts to pass the 
foreign object? 

4. A middle-aged man had been treating himself 
for hemorrhoids for the past 3 years. He was 
using a well-advertised brand of suppository. 
He had noticed that his feces were often slightly 
blood-stained. For the past 12 months, he had 
noticed that when he had his bowels open, he 
always felt that there was more to come. Some¬ 
times he went to the toilet several times a day, 
but was only able to pass flatus and blood¬ 
stained mucus. Recently, pain had developed 
down the outside of his right leg. What ana¬ 
tomical structure is closely related to the rec¬ 
tum that, when involved by disease, would give 
the patient pain down the leg? 

5. An inebriated 40-vear-old man was involved in 
a fight over a woman. The woman’s husband 
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gave the man a severe blow in his hypogas- 
trium, whereupon he doubled up with pain 
and collapsed on the floor. Several hours later, 
the man was admitted to the hospital in a state 
of shock and complaining of pain in the lower 
abdominal region. On questioning, he said he 
had been unable to pass urine since the fight. 
Even though the patient had consumed a con¬ 
siderable volume of liquor, there was no dull¬ 
ness on percussion of the anterior abdominal 
wall above the svmphvsis pubis. Rectal exami¬ 
nation revealed a bulging backward of the rec¬ 
tovesical pouch. Which pelvic viscus is likely to 
have been damaged by the blow? 

6. A medical student, tired of the pressure of work 
and examinations, decided to go rock climbing. 
After a successful climb, he was returning to 
base when he missed his footing and fell 100 
feet down a ravine. When he was admitted to 
the hospital, radiographic and neurological ex¬ 
amination revealed a severe fracture disloca¬ 
tion of the midthoracic region of the vertebral 
column and extensive local damage to the 
spinal cord. Assuming that the patient had a 
complete transection of the spinal cord, (a) 
would he ever again be able to tell if his urinary 
bladder was full? (b) Would he have an auto¬ 
matic bladder or an autonomous bladder? 

7. A 35-vear-old man went to his physician com¬ 
plaining of pain on micturition. He said the 
pain was worse toward the end of the act and 
was sometimes referred to the end of his penis. 
He found that the pain was aggravated by jolt¬ 
ing movements and relieved by hang down. Oc¬ 
casionally, he passed a few drops of blood at 
the end of micturition. Which pelvic organ is 
likely to be diseased? Why is the pain referred 
to the penis? Why is the pain relieved by lying 
down? 

8. A 74-vear-old man was admitted to the hospital 
as an emergency case. He had a past history of 
having difficulty with micturition and had not 
passed urine for 8 hours. On examination of the 
abdomen, it was found that the bladder ex¬ 
tended above the level of the umbilicus. Digital 
rectal examination revealed a large, firm, fixed 
swelling anterior to the lower part of the rec¬ 
tum. Catheterization was found to be impossi¬ 
ble. The surgeon decided to relieve the condi¬ 
tion by passing a suprapubic tube into the 


bladder. What anatomical structure lies ante¬ 
rior to the lower part of the rectum, which, if 
diseased, is likely to interfere with micturition? 
Will the surgeon’s suprapubic tube cross the 
peritoneal cavity before entering the bladder? 

9. A 65-year-old man with a history of prostatic 
disease was found on radiography of his skele¬ 
ton to have extensive carcinomatous metastases 
in his skull and lumbar vertebrae. His serum 
acid phosphatase level was abnormally high. 
Using your knowledge of anatomy, can you sug¬ 
gest a possible route taken by the cancer cells 
as they migrated from the prostate to (1) the 
lumbar vertebrae and (2) the skull? 

10. 4 n 88-year-old man had a history of prostatic 
disease. His latest symptoms included difficulty 
in starting to micturate, a poor urinary stream, 
and difficulty in stopping th£ flow of urine. 
Which lobe or lobes of the prostate are related 
to the sphincter vesicae? The enlargement of 
which lobe is likely to interfere with the sphinc¬ 
ter's function? 

11. A 25-vear-old woman with a medical history of 
tuberculosis of the left lung visited her physi¬ 
cian complaining of frequency of micturition 
and the passage of blood-stained urine ( hema¬ 
turia ). Using your knowledge of anatomy, can 
you describe a clinical method of examining the 
lower part of the ureters? 

12. A 23-vear-old woman was admitted to the hos¬ 
pital as an emergency case. She complained of 
severe spasmodic pain in the right iliac fossa. 
Just prior to admission, the pain had suddenly 
intensified and< the patient had collapsed. On 
physical examination, the patient was seen to 
be pale, in a state of shock, and with the signs 
and symptoms of internal hemorrhage. There 
was extreme tenderness in the right iliac fossa 
and some rigidity of the abdominal muscles. A 
vaginal examination revealed a softening of the 
cervix and a “doughlike” sensation through the 
posterior fornix, suggestive of fluid in the rec¬ 
touterine pouch. On questioning about her 
menstrual history, she disclosed that she had 
missed her last period. The attending physician 
made a diagnosis of a ruptured ectopic preg¬ 
nancy. Using your anatomical knowledge, can 
you explain the relation of the uterine tube to 
the peritoneal cavity? 

13. The postnatal vaginal examination of a young 
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woman revealed that the fundus and body of 
the uterus could be palpated in the rectouterine 
pouch (pouch of Douglas). What is the nor¬ 
mal position of the uterus in the majority of 
women? 

14. A middle-aged woman was found on vaginal 
examination to have an advanced carcinoma of 
the cervix. What is the lymphatic drainage of 
the uterine cervix? 

15. A multiparous 57-vear-old woman visited her 
physician complaining of a “bearing-down” 
feeling in the pelvis and of low backache, both 
of which were worse when she was tired. On 


vaginal examination, the external os of the cer¬ 
vix was found to be located just within the vag¬ 
inal orifice. A diagnosis of uterine prolapse was 
made. What are the main supports of the 
uterus? 

16. During vaginal examination of a multiparous 
woman, she was asked to strain downward. 
The anterior wall of the vagina was found to 
sag downward. A diagnosis of prolapsed ante¬ 
rior vaginal wall was made. What structures lie 
anterior to the vagina and will sag downward 
with the vaginal wall? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) If (1) only is correct 

(b) If (2) ONLY IS CORRECT 

(c) If BOTH (1) AND (2) ARE correct, and 

(d) If neither (1) nor (2) is correct 

1. Which of the following statements is (are) cor¬ 
rect? 

(1) The sigmoid colon becomes continuous 
with the rectum at the level of the sacral 
promontory. 

(2) The uterine artery crosses the ureter, just 
lateral to the lateral fornix of the vagina. 

2. Which of the following statements is (are) cor¬ 
rect concerning the rectum? 

(1) The rectal ampulla is the lower part of the 
rectum that is dilated and lies immedi¬ 
ately above the pelvic diaphragm. 

(2) There are usually two transverse folds of 
mucous membrane on the left rectal wall 
and one on the right wall. 

3. Which of the following statements concerning 
the bladder is (are) correct? 

(1) The base of the bladder lies inferiorly and 
in the male rests on the upper surface of 
the prostate. 

(2) The mucous membrane of the empty 
bladder is thrown into folds throughout 
the interior of the bladder. 

4. Which of the following statements concerning 
the prostate is (are) correct? 

(1) The prostatic urethra is the widest and 
most dilatable part of the entire urethra. 


Answers on page 984 

(2) The median or middle lobe of the prostate 
is situated behind the urethra and below 
the ejaculatory ducts. 

Select the best response: 

5. The following statements concerning the 
uterus are correct except: 

(a) The fundus is part of the uterus above the 
openings of the uterine tubes. 

(b) The long axis of the uterus is usually bent 
anteriorly on the long axis of the vagina 
(anteversion). 

(c) The nerve supply of the uterus is from the 
inferior hypogastric plexuses. 

(d) The anterior surface of the cervix is com¬ 
pletely covered with peritoneum. 

(e) The uterine veins drain into the internal 
iliac veins. 

6. Concerning the broad ligament of the uterus, 
all the following statements are true except: 

(a) It extends from the lateral margins of the 
uterus to the side wall of the pelvis. 

(b) The uterine tube lies within its upper free 
border. 

(c) The ovaiy lies between its anterior and 
posterior layers. 

(d) The suspensory ligament of the ovaiy ex¬ 
tends from the ovary to the lateral pelvic 
wall. 

(e) The ovarian and uterine arteries anasto¬ 
mose between its layers of peritoneum. 
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7. Concerning the vas deferens, all of the follow¬ 
ing statements are true except: 

(a) it emerges from the deep inguinal ring and 
passes around the lateral margin of'the in¬ 
ferior epigastric artery. 

(b) It crosses the ureter in the region of the 
ischial spine. 

(c) The terminal part is dilated to form the 
ampulla. 

(d) It lies on the posterior surface of the pros¬ 
tate but is separated from it by the peri¬ 
toneum. 

(e) It joins the duet of the seminal vesicle to 
form the ejaculatory duet. 

8. Concerning the pelvic part of the ureter, the fol¬ 
lowing statements are true except: 

(a) It enters the pelvis in front of the bifurca¬ 
tion of the common iliac artery. 

(b) The ureter enters the bladder bv passing 
directly through its wall, there being no 
valvular mechanism at its entrance. 

(c) It has a close relationship to the ischial 
spine before it turns mediallv toward the 
bladder. 

(d) The blood supply of the distal part of the 
ureter is from the superior vesical artery. 

(e) It enters the bladder at the upper lateral 
angle of the trigone. 

In the following questions, answer: 

(a) If (1), (2), and (3) only are correct 

(b) If (1) AND (3) ONLY ARE CORRECT 

(c) IF (2) AND (4) ONLY ARE CORRECT 

(d) If (4) ONLY IS CORRECT, OR 

(e) If all are correct 

9. Which of the following statements is (are) cor¬ 
rect concerning the seminal vesicle? 

(1) The seminal vesicles are two lobulated 
saes that store spermatozoa. 

(2) The seminal vesicles are related posteriorlv 
to the rectum and can be palpated through 
the rectal wall. 

(3) The upper ends of the seminal vesicles are 
not covered with peritoneum. 

(4) The seminal vesicles are related anteriorly 
to the bladder and there is no peritoneum 
separating these structures. 

10. Which of the following statements concerning 
the ovarv is (are) correct? 


(1) The lymphatic drainage is into the para¬ 
aortic (lumbar) lymph nodes at the level 
of the first lumbar vertebra. 

(2) The round ligament of the ovary extends 
from the ovary to the upper end of the lat¬ 
eral wall of the uterus. 

(3) The ovarian fossa is bounded above by the 
external iliac vessels and behind by the in¬ 
ternal iliac vessels. 

(4) The obturator nerve usually lies lateral to 
the ovary. 

11. Which of the following statements concerning 
the nerve.supply to the urinary bladder is (are) 
correct? 

(1) The sympathetic postganglionic fibers 
originate in the first and second lumbar 
ganglia. 

(2) The parasympathetic preganglionic fibers 
synapse with postganglionic neurons in 
the inferior hypogastric plexuses. 

(3) The afferent sensory fibers arising in the 
bladder reach the spinal cord via the pelvic 
splanchnic nerves and also travel with the 
sympathetic nerves. 

(4) The parasympathetic preganglionic fibers 
arise from the second, third, and fourth 
sacral segments of the spinal cord. 

12. Which of the following statements is (are) cor¬ 
rect concerning the vagina? 

(1) The area of the vaginal lumen around the 
cervix is divided into four forniees. 

(2) The upper part of the vagina is supported 
by the levator ani muscles and the trans¬ 
verse cervical ligaments. 

(3) The perineal body lies posterior to and 
supports the lower part of the vagina. 

(4) The upper part of the vagina is not covered 
with peritoneum. 

13. Which of the following statements is (are) cor¬ 
rect concerning the visceral layer of pelvic fas¬ 
cia in the female? 

(1) It covers the obturator interims muscle. 

(2) In the region of the uterus, it is called the 
parametrium. 

(3) It is continuous above with the fascia 
transversalis. 

(4) It is condensed to form the puboeervieal, 
transverse cervical, and sacroeervical liga¬ 
ments of the uterus. 
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Match the structures listed on the left with the 
most likely route of lymphatic drainage listed 
on the right: 

14. Cervix of uterus (a) Internal iliac lymph 

nodes 

(b) Internal and exter¬ 
nal iliac lymph 

15. Prostate gland nodes 

(c) Superficial inguinal 
lvmph nodes 

(d) Para-aortic (lum- 

16. Posterior fornix of bar) lymph nodes 

vagina (e) None of the above 


Match die structures listed on the left with the 
appropriate main venous drainage listed on 
die right: 

17. Left ovary (a) External iliac vein 

18. Prostate (b) Internal iliac vein 

19. Urinary bladder (c) Inferior vena cava 

20. Mucous membrane (d) Common iliac vein 

of the rectum (e) None of the above 








8. The Perineum 


The pelvic cavity, or cavity of the true pelvis, has 
been defined as the area situated between the pel¬ 
vic inlet and the pelvic outlet. The pelvic dia¬ 
phragm subdivides the cavity into the main pelvic 
cavity above and the perineum below. This chapter 
is concerned with the perineum. 


SURFACE ANATOMY 

The perineum when seen from below with the 
thighs abducted (Figs. 8-1 and 8-2) is diamond¬ 
shaped and is bounded anteriorly bv the symphysis 
pubis, posteriorly by the tip of the coccyx, and lat¬ 
erally by the ischial tuberosities. 


SYMPHYSIS PUBIS 

This is the cartilaginous joint that lies in the mid¬ 
line between the bodies of the pubic bones (Fig. 8- 
1). It is felt as a solid structure beneath the skin in 
the midline at the lower extremity of the anterior 
abdominal wall. 


COCCYX 

The inferior surface and tip of the coccyx can be 
palpated in the natal cleft about 1 inch (2.5 cm) 
behind the anus (Fig. 8-1). 


ISCHIAL TUBEROSITY 

This can be palpated in the lower part of the but¬ 
tock (Fig. 8-1). In the standing position, the tuber- 
ositv is covered by the gluteus maximus. In the sit¬ 
ting position, the ischial tuberosity emerges from 
beneath the lower border of the gluteus maximus 
and supports the weight of the body. 

It is customary to divide the perineum into two 
triangles by joining the ischial tuberosities by an 
imaginary line (Fig. 8-2). The posterior triangle, 
which contains the anus, is called the anal triangle; 
the anterior triangle, which contains the urogenital 
orifices, is called the urogenital triangle. 
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Fig. 8-1. Anal triangle and urogenital triangle in the 
male as seen from below. 


PENIS 


Anal Triangle 

ANUS 

The anus is the lower opening of the anal canal and 
it lies in the midline. In the living the anal margin 
is reddish-brown in color and is puckered by the 
contraction of the external anal sphincter. Around 
the anal margin are a number of coarse hairs. 


Male Urogenital Triangle 

This region contains the penis and the scrotum. 


This consists of a root, a body, and a glans (Figs. 8- 
3 and 8-12). The root of the penis consists of three 
masses of erectile tissue, called the bulb of the penis 
and the right and left crura of the penis. The bulb 
may be felt on deep palpation in the midline of the 
perineum, posterior to the scrotum. 

The body of the penis is the free portion of the 
penis that is suspended from the symphysis pubis. 
Note that the dorsal surface (anterior surface of the 
flaccid organ) usually possesses a superficial dorsal 
vein in the midline (Fig. 8-12). 

The glans penis forms the extremity of the body 
of the penis (Figs. 8-3 and 8-12). At the summit of 
the glans is the external urethral meatus. Extending 
from the lower margin of the external meatus is a 
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urogenital 



Fig. 8-2. Diamond-shaped perineum divided by 
broken line into urogenital triangle and anal 
triangle. 


fold connecting the glans to the prepuce, called the 
frenulum. The edge of the base of the glans is called 
the corona (Fig. 8-3). The prepuce is formed bv a 
fold of skin attached to the neck of the penis. The 
prepuce covers the glans for a variable extent and 
it should be possible to retract it over the glans. 


SCROTUM 

This is a sac of skin and fascia (Fig. 8-9) containing 
the testes and the epididvmides. The skin of the 
scrotum is rugose and is covered with sparse hairs. 
The bilateral origin of the scrotum is indicated by 


the presence of a dark line in the midline called the 
scrotal raphe. 


TESTES 

The testes should be palpated. They are oval in 
shape and have a firm consistence. 


EPIDIDYMIDES 

Each epididymis can be palpated posterior to the 
testis. The epididymis is a long, narrow, firm struc¬ 
ture having the cordlike nos deferens on its medial 
side. The epididymis has an expanded upper end 
or head , a body, and a pointed tail inferiorlv (see 
Fig. 4-18). 


Female Urogenital Triangle 

VULVA 

This is the name applied to the female external 
genitalia (Fig. 8-4). 


Mons Pubis 

This is the rounded, hair-bearing elevation of skin 
found anterior to the pubis (Fig. 8-4). The pubic 
hair in the female has an abrupt horizontal supe¬ 
rior margin, whereas in the male it extends up¬ 
ward to the umbilicus. 


Labia Majora 

These are prominent, hair-bearing folds of skin ex¬ 
tending posteriorly from the mons pubis to unite 
posteriorly in the midline (Fig. 8-4). 


Labia Minora 

These are two smaller, hairless folds of soft skin 
that lie between the labia majora (Fig. 8-4). Their 
posterior ends are united to form a sharp told, the 
fourchette. Anteriorly they split to enclose the cli¬ 
toris, forming an anterior prepuce and a posterior 
frenulum (Fig. 8-4). 
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Fig. 8-3. Root and body of penis. 


Vestibule 

This is a smooth triangular area bounded laterally 
bv the labia minora, with the clitoris at its apex 
and the fourchette at its base (Fig. 8-4). 


Vaginal Orifice 

This is protected in the virgin by a thin mucosal 
fold called the hymen, which is perforated at its 
center (Fig. 8-4). At the first coitus the hvmen 
tears, usually posteriorly or posterolaterally, and 
after childbirth only a few tags of the hymen re¬ 
main (Fig. 8-4). 


Orifices of the Ducts of the Greater 
Vestibular Glands 

These are small orifices, one on each side, in the 
groove between the hymen and the posterior part 
of the labium minus (Fig. 8-4). 


Clitoris 

This is situated at the apex of the vestibule ante¬ 
riorly (Fig. 8-4). The glans of the clitoris is partly 
hidden by the prepuce. 
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Fig, 8-4, Vulva, Note different appearances of hy¬ 
men in (A) virgin, (B) woman who has had sexual 
intercourse, and (C) multiparous woman. 
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CO NTENTS OF ANAL TRIANGLE 

The anal triangle is bounded behind by the tip of 
the coccvx, and on each side, by the ischial tuber¬ 
osity and the sacrotuberous ligament, overlapped 
bv the border of the gluteus maximus muscle (Fig. 
8-1). The anus, or lower opening of the anal canal, 
lies in the midline, and on each side there is the 
ischiorectal fossa. The skin around the anus is sup¬ 
plied bv the inferior rectal (hemorrhoidal) nerve. 
The lymphatic vessels of the skin drain into the me¬ 
dial group of the superficial inguinal nodes. 


Anal Canal 

The anal canal is about IVz inches (4 cm) long and 
passes downward and backward from the rectal 
ampulla to the anus (Fig. 8-5). Except during def¬ 
ecation, its lateral walls are kept in apposition by 
the levatores ani muscles and the anal sphincters. 


Relations 

Posteriorly 

It is related posteriorly to the anococcygeal body, 
which is a mass of fibrous tissue lying between the 
anal canal and the coccyx (Fig. 8-5). 


Laterally 

It is related laterally to the fat-filled ischiorectal 
fossae (Fig. 8-6). 


Anteriorly 

In the male it is related anteriorly to the perineal 
body, the urogenital diaphragm, the membranous 
part of the urethra, and the bulb of the penis (Fig. 
8-5). 

In the female, it is related anteriorly to the peri¬ 
neal body, the urogenital diaphragm, and the 
lower part of the vagina (Fig. 8-5). 


Structure of the Anal Canal 

The mucous membrane of the upper half of the anal 
caned is derived from hindgut entoderm (Fig. 8-7). 
It has the following important anatomical features: 


1. It is lined by columnar epithelium. 

2. It is thrown into vertical folds called anal col¬ 
umns, which are joined together at their lower 
ends by small semilunar folds, called anal valves 
(remains of proctodeal membrane) (Fig. 8-6). 

3. The nerve supply is the same as that for the rec¬ 
tal mucosa and is derived from the autonomic 
hypogastric plexuses. It is sensitive only to 
stretch (Fig. 8-7). 

4. The arterial supply is that of the hindgut, 
namely, the superior rectal artery, a branch of 
the inferior mesenteric artery (Fig. 8-7). The ven¬ 
ous drainage is mainly by the superior rectal 
vein, a tributary of the inferior mesenteric vein 
(Fig. 8-6). 

5. The lymphatic drainage is mainly upward along 
the superior rectal artery to the pararectal nodes 
and then eventually to the inferior mesenteric 
nodes (Fig. 8-7). 

The mucous membrane of the lower half of the 
anal canal is derived from ectoderm of the proc¬ 
todeum. It has the following important features: 

1. It is lined by stratified squamous epithelium, 
which gradually merges at the anus with the 
perianal epidermis (Fig. 8-7). 

2. There are no anal columns. 

3. The nerve supply is from the somatic inferior 
rectal nerve; it is thus sensitive to pain, temper¬ 
ature, touch, and pressure (Figs. 8-1 and 8-7). 

4. The arterial supply is the inferior rectal artery, a 
branch of the internal pudendal artery (Fig. 8- 
1). The venous drainage is by the inferior rectal 
vein, a tributary of the internal pudendal vein, 
which drains into the internal iliac vein (Fig. 
8-7). 

5. The lymphatic drainage is downward to the me¬ 
dial group of superficial inguinal nodes (Fig. 
8-7). 

The muscular coat is strongly developed. As in 
the upper parts of the intestinal tract, it is divided 
into an outer longitudinal and an inner circular 
layer of smooth muscle (Fig. 8-6). The circular coat 
is thickened at the upper end of the anal canal to 
form the involuntary internal sphincter. The inter¬ 
nal sphincter is enclosed by a sheath of striped 
muscle that forms the voluntary external sphincter 
(Figs. 8-6 and 8-7). 
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Fig. 8-6. Coronal section of pelvis and perineum, 
showing venous drainage of anal canal. 

The external sphincter may be divided into three 
parts: 

1. A subcutaneous part, which encircles the lower 
end of the anal canal and has no bonv attach¬ 
ments. 

2. A superficial part, which is attached to the coc¬ 
cyx behind and the perineal body in front. 

3. A deep part, which encircles the upper end of the 
anal canal and has no bony attachments. 

The puborectalis part of the levatores ani muscles 
blends with the deep part of the external sphincter 
(Figs. 8-6 and 8-7). The puborectalis fibers of the 
two sides form a sling, which is attached in front 


to the pubic bones and causes the rectum to join 
the anal canal at an acute angle (Fig. 8-7). 

The longitudinal smooth muscle of the anal 
canal is continuous above with that of the rectum. 
It forms a continuous coat around the anal canal 
and descends in the interval between the internal 
and external anal sphincters. Some of the longitu- 


Fig. 8-7. Upper and lower halves of anal canal, 
showing (A) their embiyological origin and lining 
epithelium, (B) their arterial supply, (C) their ve¬ 
nous drainage, and (D) their lymphatic drainage. 
(E) Arrangement of muscle fibers of puborectalis 
muscle and different parts of external anal 
sphincter. 
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dinal fibers are attached to the mucous membrane 
of the anal canal, while others pass laterally into 
the ischiorectal fossa, or are attached to the peri¬ 
anal skin (Fig. 8-6). 

At the junction of the rectum and anal canal 
(Fig. 8-7), the blending of the internal sphincter 
with the deep part of the external sphincter and the 
puborectalis muscles forms a distinct ring, which 
is called the anorectal ring and can be felt on rectal 
examination. 

The arterial supply to the anal canal is from the 
superior and inferior rectal arteries; the superior 
cirterv supplies the upper half and the inferior ar¬ 
tery, the lower half (Fig. 8-7). The veins correspond 
to the arteries. It should be remembered that the 
union between the tributaries of the superior and 
inferior rectal veins forms an important portal-sys¬ 
temic anastomosis; the superior rectal vein drains 
into the portal circulation, and the inferior rectal 
vein drains into the svstemic circulation. 

The lymph vessels of the upper half of the anal 
canal follow the superior rectal artery and ulti¬ 
mately join the inferior mesenteric nodes. The ves¬ 
sels from the lower half of the canal join the medial 
group of superficial inguinal nodes (Fig. 8-7). 

The neive supply to the mucous membrane has 
been described above. The involuntary internal 
sphincter is supplied bv sympathetic fibers from 
the inferior hypogastric plexuses. The voluntary ex¬ 
ternal sphincter is supplied by the inferior rectal 
nerve, a branch of the pudendal nerve (Fig. 8-1), 
and the perineal branch of the fourth sacral nerve. 


Defecation 

The time, place, and frequency of defecation are 
very much a matter of habit. Some adults defecate 
once a day, some several times a day, and some 
perfectly normal people defecate once in several 
days. 

The act is preceded by a wave of peristalsis, 
which passes down the descending and pelvic parts 
of the colon. The rectum becomes distended by the 
entrance of the feces, which gives rise to the desire 
to defecate. 

Assuming that the time and place are favorable, 
a coordinated reflex act occurs that results in the 
emptying of the descending colon, sigmoid colon, 
rectum, and anal canal. The intra-abdominal pres¬ 
sure is raised by the descent of the diaphragm, the 


closure of the glottis, and the contraction of the 
muscles of the anterior abdominal walls and the 
leva tores ani muscles. The external pressure ap¬ 
plied to the colon and the waves of peristalsis in 
the wall of the colon force the feces onward. The 
tonic contraction of the internal and external anal 
sphincters, including the puborectalis muscles, is 
now voluntarily inhibited. The feces are now evac¬ 
uated through the anal canal. Depending on the 
laxity of the submucous coat, the mucous mem¬ 
brane of the lower part of the anal canal is ex¬ 
truded through the anus ahead of the fecal mass 
At the end of the act, the mucosa is returned to the 
anal canal by the tone of the longitudinal fibers of 
the anal walls and the contraction and upward pull 
of the puborectalis muscle. The empty lumen of 
the anal canal is now closed by the tonic contrac¬ 
tion of the anal sphincters. 


Ischiorectal Fossa 

The ischiorectal fossa is a wedge-shaped space on 
each side of the anal canal (Fig. 8-6). The base of 
the wedge is superficial and formed bv the skin. 
The edge of the wedge is formed by the junction of 
the medial and lateral walls. The medial wall is 
formed by the sloping levator ani muscle and the 
anal canal. The lateral wall is formed by the lower 
part of the obturator internus muscle, covered with 
pelvic fascia. 

The ischiorectal fossa is filled with dense fat, 
which supports the anal canal and allows it to dis¬ 
tend during defecation. The pudendal nerve and 
internal pudendal vessels are embedded in a fascial 
canal, the pudendal canal , on the lateral wall of the 
ischiorectal fossa (Figs. 8-6 and 8-8). 


Pudendal Nerve 

The pudendal nerve is a branch of the sacral plexus 
and leaves the main pelvic cavity through the 
greater sciatic foramen (Fig. 8-8). After a brief 
course in the gluteal region of the lower limb, it 
enters the perineum through the lesser sciatic for¬ 
amen. The nerve then passes forward in the puden¬ 
dal canal and by means of its branches supplies the 
external anal sphincter and the muscles and skin 
of the perineum. 
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Fig. 8-8. Course and branches of pudendal nerve in 
male. 
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Branches 

1. Inferior rectal neive. This runs medially across 
the ischiorectal fossa in company with the cor¬ 
responding vessels and supplies the external anal 
sphincter, the mucous membrane of the lower 
half of the anal canal, and the perianal skin (Fig. 
8 - 1 ). 

2. Dorsal neive of the penis (or clitoris). This is dis¬ 
tributed to the penis (or clitoris) (Fig. 8-8). 

3. Perineal neive. This supplies the muscles in the 
urogenital triangle (Fig. 8-8) and the skin on the 
posterior surface of the scrotum (or labia ma- 
jora). 


Internal Pudendal Artery 

The internal pudendal artery is a branch of the in¬ 
ternal iliac artery and accompanies the pudendal 
nerve. 


Branches 

1. Inferior rectal artery. This accompanies the in¬ 
ferior rectal nerve and supplies the lower half of 
the anal canal (Fig. 8-1). 

2. Branches to the penis in the male and to the labia 
and clitoris in the female. 


Internal Pudendal Vein 

The internal pudendal vein receives tributaries that 
correspond to the branches of the internal puden¬ 
dal artery. 


UROGENITAL TRIANGLE _ 

The urogenital triangle is bounded in front by the 
pubic arch and laterally bv the ischial tuberosities 
(Fig. 8-1). 


Superficial Fascia 

The superficial fascia of the urogenital triangle 
may be divided into a fatty layer and a membra¬ 
nous layer. 

The fatty layer (fascia of Camper) is continuous 


with the fat of the ischiorectal fossa (Fig. 8-9) and 
the superficial fascia of the thighs. In the scrotum, 
the fat is replaced by smooth muscle, the dartos 
muscle. The dartos muscle contracts in response to 
cold and reduces the surface area of the scrotal skin 
(see testicular temperature and fertility, p. 193). 

The membranous layer (Colles’ fascia) is at¬ 
tached posteriorly to the posterior border of the 
urogenital diaphragm (Fig. 8-9) and laterally to the 
margins of the pubic arch; anteriorly, it is contin¬ 
uous with the membranous layer of superficial fas¬ 
cia of the anterior abdominal wall (Scarpa’s fas¬ 
cia). The fascia is continued over the penis (or 
clitoris) as a tubular sheath (Fig. 8-12). In the scro¬ 
tum (or labia majora) it forms a distinct layer (Fig. 
8-9). 


Superficial Perineal Pouch 

The superficial perineal pouch is bounded below 
by the membranous layer of superficial fascia and 
above by the urogenital diaphragm (Fig. 8-9). It is 
closed behind by the fusion of its upper and lower 
walls. Laterally, it is closed by the attachment of 
the membranous layer of superficial fascia and the 
urogenital diaphragm to the margins of the pubic 
arch (Figs. 8-10 and 8-13). Anteriorly, the space 
communicates freely with the potential space lying 
between the superficial fascia of the anterior ab¬ 
dominal wall and the anterior abdominal muscles. 

The contents of the superficial perineal pouch in 
both sexes will be described presently. 


Urogenital Diaphragm 

The urogenital diaphragm is a musculofascial dia¬ 
phragm, situated in the anterior part of the peri¬ 
neum and filling in the gap of the pubic arch (Figs. 
8-9, 8-10, and 8-13). It is formed by the sphincter 
urethrae and the deep transverse perineal muscles, 
which are enclosed between a superior and an in¬ 
ferior layer of fascia of the urogenital diaphragm. 
The inferior layer of fascia is often referred to as 
the perineal membrane. 

Anteriorly, the two lavers of fascia fuse, leaving 
a small gap beneath the symphysis pubis. Poste¬ 
riorly, the two layers of fascia fuse with each other, 
and with the membranous layer of the superficial 
fascia and the perineal body (Fig. 8-9). Laterally, 
the lavers of fascia are attached to the pubic arch. 
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Fig. 8-9. Arrangement of superficial fascia in uro¬ 
genital triangle. Note superficial and deep perineal 
pouches. 
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levator ani 



Fig. 8-10. Coronal section of male pelvis, showing 
prostate, urogenital diaphragm, and contents of su¬ 
perficial perineal pouch. 


The closed space that is contained between the su¬ 
perficial and deep layers of fascia is known as the 
deep perineal pouch (Figs. 8-9, 8-10, and 8-13). 

The contents of the deep perineal pouch in both 
sexes will be described in subsequent sections. 


Contents of the Male 
Urogenital Triangle 

In the male the triangle contains the penis and 
scrotum. 


PENIS 

The penis has a fixed root and a body, which hangs 
free (Figs. 8-3). 

The root of the penis is made up of three masses 
of erectile tissue, which are called the bulb of the 
penis and the right and left crura of the penis (Figs. 
8-3 and 8-11). The bulb is situated in the midline 
and is attached to the undersurface of the urogen- 
ital diaphragm. It is traversed by the urethra and 
is covered on its outer surface bv the bulbospongio- 
sus muscles. Each crus is attached to the side of the 
pubic arch and is covered on its outer surface by 
the ischiocavernosus muscle. The bulb is continued 
forward into the body of the penis and forms the 
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Fig. 8-11. Root of penis and perineal muscles. 

corpus spongiosum (Fig. 8-12). The two crura con¬ 
verge anteriorly and come to lie side by side in the 
dorsal part of the body of the penis, forming the 
corpora cavernosa (Fig. 8-3 and 8-12). 

The body of the penis is essentially composed of 
three cylinders of erectile tissue enclosed in a tu¬ 
bular sheath of fascia. The erectile tissue is made 
up of two dorsallv placed corpora cavernosa and a 
single corpus spongiosum applied to their ventral 
surface (Figs. 8-3 and 8-12). At its distal extremity, 
the corpus spongiosum expands to form the glans 
penis, which covers the distal ends of the corpora 
cavernosa. On the tip of the glans penis is the slit¬ 
like orifice of the urethra, called the external ure¬ 
thral meatus. 

The prepuce is a hoodlike fold of skin that covers 
the glans (Fig. 8-12). It is connected to the glans 


just below the urethral orifice by a fold called the 
frenulum. 

The body of the penis is supported by two con¬ 
densations of deep fascia that extend downward 
from the linea alba and symphysis pubis to be at¬ 
tached to the fascia of the penis. 


Lymphatic Drainage of the Penis 

The skin of the penis is drained into the medial 
group of superficial inguinal nodes. The deep 
structures of the penis are drained into the internal 
iliac nodes. 


SCROTUM 

The scrotum is a pouch of skin that contains the 
testes, the epididymides, and the lower ends of the 
spermatic cords. Since the structure of the scro- 
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Fig. 8-12. Body and root of penis. 
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turn, the descent of the testes, and the formation 
of the inguinal canal are interrelated, these are 
fully described in Chapter 4. 


Lymphatic Drainage of 
the Scrotum and Contents 

The wall of the scrotum is drained into the medial 
group of superficial inguinal lvmph nodes. The 
lymphatic drainage of the testis and epididymis as¬ 
cends in the spermatic cord and ends in the lumbar 
(paraaortic) lymph nodes at the level of the first 
lumbar vertebra. This is to be expected, since the 
testis during development has migrated from high 
up on the posterior abdominal wall, down through 
the inguinal canal, and into the scrotum, dragging 
its blood supply and lvmph vessels after it. 


Contents of the Superficial Perineal 
Pouch in the Male 

The superficial perineal pouch contains structures 
forming the root of the penis, together with the 
muscles that cover them, namely, the bulbospon- 
giosus muscles and the ischiocavernosus muscles 
(Fig. 8-11). The bulbospongiosus muscles , situated 
one on each side of the midline (Fig. 8-11), cover 
the bulb of the penis and the posterior portion of 
the corpus spongiosum. Their function is to com¬ 
press the penile part of the urethra and empty it of 
residual urine or semen. The anterior fibers also 
compress the deep dorsal vein of the penis, thus 
impeding the venous drainage of the erectile tissue 
and thereby assisting in the process of erection of 
the penis. 


Ischiocavernosus Muscles 

The ischiocavernosus muscles cover the crus penis 
on each side (Fig. 8-11). The action of each muscle 
is to compress the crus penis and assist in the pro¬ 
cess of erection of the penis. 


Superficial Transverse Perineal Muscles 

The superficial transverse perineal muscles lie in 
the posterior part of the superficial perineal pouch 
(Fig. 8-11). Each muscle arises from the ischial ra¬ 
mus and is inserted into the perineal body. The 


function of these muscles is to fix the perineal body 
in the center of the perineum. 


Nerve Supply 

All the muscles of the superficial perineal pouch 
are supplied bv the perineal branch of the puden¬ 
dal nerve. 


Perineal Body 

This is a small mass of fibrous tissue, which is at¬ 
tached to the center of the posterior margin of the 
urogenital diaphragm (Figs. 8-9 and 8-11). It serves 
as a point of attachment for the following muscles: 
(1) external anal sphincter, (2) bulbospongiosus 
muscle, and (3) the superficial transverse perineal 
muscles. 


Perineal Branch of Pudendal Nerve 

The perineal branch of the pudendal nerve on 
each side terminates in the superficial perineal 
pouch by supplying the muscles and skin (Fig. 
8 - 8 ). 


Contents of the Deep Perineal Pouch 
in the Male 

The deep perineal pouch contains (1) the membra¬ 
nous part of the urethra, (2) the sphincter ure¬ 
thrae, (3) the bulbourethral glands, (4) the deep 
transverse perineal muscles, (5) the internal pu¬ 
dendal vessels and their branches, and (6) the dor¬ 
sal nerves of the penis. 


Membranous Part of Urethra 

This is about Vz inch (1.3 cm) long and is contin¬ 
uous above with the prostatic urethra and below 
with the penile urethra. It is the shortest and least 
dilatable part of the urethra (Fig. 8-10). 


Sphincter Urethrae Muscle 

The sphincter urethrae muscle arises from the pu¬ 
bic arch and passes medially to surround the ure¬ 
thra (Fig. 8-10). 
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Ne rve Supply __ 

The perineal branch of the pudendal nerve. 


Action 

It is the means bv which micturition can be vol¬ 
untarily stopped. 


Bulbourethral Glands 

The bulbourethral glands are two small glands 
that lie beneath the sphincter urethrae muscle (Fig. 
8-10). Their ducts pierce the perineal membrane 
(inferior fascial layer of the urogenital diaphragm) 
and enter the penile portion of the urethra. The se¬ 
cretion is poured into the urethra as the result of 
erotic stimulation. 


Deep Tt'ansverse Perineal Muscles 

The deep transverse perineal muscles lie posterior 
to the sphincter urethrae muscle. Each muscle 
arises from the ischial ramus and passes medially 
to be inserted into the perineal body. These muscles 
are clinically unimportant. 


Internal Pudendal Arteiy 

The internal pudendal artery (Fig. 8-10) on each 
side enters the deep perineal pouch and passes for¬ 
ward, giving rise to (1) the artery to the bulb of the 
penis, (2) the arteries to the crura of the penis (deep 
artery' of penis), and (3) the dorsal arteiy of the 
penis, which supplies the skin and fascia of the 
penis. 


Dorsal Nei've of the Penis 

The dorsal nerve of the penis on each side passes 
forward through the deep perineal pouch and sup¬ 
plies the skin of the penis (Fig. 8-10). 


Erection of the Penis 

Erection in the male is gradually built up as a con¬ 
sequence of various sexual stimuli. Pleasurable 
sight, sound, smell, and other psychic stimuli, for¬ 
tified later by direct touch sensory' stimuli from the 
general body skin and genital skin, result in a bom¬ 


bardment of the central nervous system by afferent 
stimuli. Efferent nervous impulses 'pass down the 
spinal cord to the parasympathetic outflow in the 
second, third, and fourth sacral segments. The 
parasympathetic preganglionic fibers enter the in¬ 
ferior hvpogastric plexuses and svnapse on the 
postganglionic neurons. The postganglionic fibers 
join the internal pudendal arteries and are distrib¬ 
uted along their branches, which enter the erectile 
tissue at the root of the penis. Vasodilatation of the 
arteries now occurs, producing a great increase in 
blood flow through the blood spaces of the erectile 
tissue. The corpora cavernosa and the corpus spon¬ 
giosum become engorged with blood and expand, 
compressing their draining veins against the sur¬ 
rounding fascia. By this means, the outflow of 
blood from the erectile tissue is retarded, so that 
the internal pressure is further accentuated and 
maintained. The penis thus increases in length and 
diameter and assumes the erect position. 

Once the climax of sexual excitement is reached 
and ejaculation takes place, or the excitement 
passes off or is inhibited, the arteries supplying the 
erectile tissue undergo vasoconstriction. The penis 
then returns to its flaccid state. 


Ejaculation 

During the increasing sexual excitement that oc¬ 
curs during sex play the external urinary meatus of 
the glans penis becomes moist, due to the secre¬ 
tions of the bulbourethral glands. 

Friction on the glans penis, reinforced by other 
afferent nervous impulses, results in a discharge 
along the sympathetic nerve fibers to the smooth 
muscle of the duct of the epididymis and the vas 
deferens on each side, the seminal vesicles, and the 
prostate. The smooth muscle contracts, and the 
spermatozoa, together with the secretions of the 
seminal vesicles and prostate, are discharged into 
the prostatic urethra. The fluid nowjoins the secre¬ 
tions of the bulbourethral glands and penile ure¬ 
thral glands and is then ejected from the penile 
urethra as a result of the rhythmic contractions of 
the bulbospongiosus muscles, which compress the 
urethra. Meanwhile, the sphincter of the bladder 
contracts and prevents a reflux of the spermatozoa 
into the bladder. The spermatozoa and the secre¬ 
tions of the several accessory' glands constitute the 
seminal fluid, or semen. 
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At the climax of male sexual excitement, a mass 
discharge of nervous impulses takes place in the 
central nervous system. Impulses pass down the 
spinal cord to the sympathetic outflow (T1-L2). 
The nervous impulses that pass to the genital or¬ 
gans are thought to leave the cord at the first and 
second lumbar segments in the preganglionic sym¬ 
pathetic fibers. Many of these fibers synapse with 
postganglionic neurons in the first and second lum¬ 
bar ganglia. Other fibers may synapse in ganglia in 
the lower lumbar or pelvic parts of the sympathetic 
trunks. The postganglionic fibers are then distrib¬ 
uted to the vas deferens, the seminal vesicles, and 
the prostate via the inferior hypogastric plexuses. 


MALE URETHRA 

The male urethra is about 8 inches (20 cm) long 
and extends from the neck of the bladder to the 
external meatus on the glans penis (Fig. 8-5). It is 
divided into three parts: (1) prostatic, (2) membra¬ 
nous, and (3) penile. 

The prostatic urethra is described on page 343. 
It lies within the prostate and is the widest and 
most dilatable portion of the urethra (Fig. 8-10). 

The membranous urethra lies within the urogen¬ 
ital diaphragm surrounded by the sphincter ure¬ 
thrae muscle. It is the least dilatable portion of the 
urethra (Fig. 8-10). 

The penile urethra is enclosed in the bulb and the 
corpus spongiosum of the penis (Figs. 8-5 and 8-10 
through 8-12). The external meatus is the narrow¬ 
est part of the entire urethra. The part of the ure¬ 
thra that lies within the glans penis is dilated to 
form the fossa terminalis (navicular fossa) (Fig. 
8-5). 


Contents of the Female 

Urogenital Triangle_ 

In the female the triangle contains the external 
genitalia and the orifices of the urethra and the va- 
gina. 


CLITORIS _ 

The clitoris, which corresponds to the penis in the 
male, is situated at the apex of the vestibule ante¬ 
riorly. It has a structure similar to the penis. The 
glans of the clitoris is partly hidden by the prepuce. 


The root of the clitoris is made up of three 
masses of erectile tissue, which are called the bulb 
of the vestibule and the right and left crura of the 
clitoris (Figs. 8-13 and 8-14). 

The bulb of the vestibule corresponds to the bulb 
of the penis, but because of the presence of the va¬ 
gina, it is divided into two halves (Fig. 8-14). It is 
attached to the undersurface of the urogenital dia¬ 
phragm and is covered by the bulbospongiosus 
muscles. Anteriorly, the two halves unite to form 
the glans clitoris (Fig. 8-14). 

The crura of the clitoris correspond to the crura 
of the penis and become the corpora cavernosa an¬ 
teriorly. Each remains separate and is covered by 
an ischiocavernosus muscle (Fig. 8-14). 


Contents of the Superficial Perineal 
Pouch in the Female 

The superficial perineal pouch contains structures 
forming the root of the clitoris and the muscles 
that cover them, namely, the bulbospongiosus 
muscles and the ischiocavernosus muscles (Figs. 8- 
13 and 8-14). 


Bulbospongiosus Muscle 

The bulbospongiosus muscle surrounds the orifice 
of the vagina and covers the vestibular bulbs. Its 
fibers extend forward to gain attachment to the 
corpora cavernosa of the clitoris. The bulbospon¬ 
giosus muscle reduces the size of the vaginal orifice 
and compresses the deep dorsal vein of the clitoris, 
thereby assisting in the mechanism of erection in 
the clitoris. 


Ischiocavernosus Muscle 

The ischiocavernosus muscle on each side covers 
the crus clitoridis. Contraction of this muscle as¬ 
sists in causing the erection of the clitoris. 


Superficial Ti'ansverse Perineal Muscles 

The superficial transverse perineal muscles are 
identical in structure and function to those of the 
male. 
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Fig. 8-13. Coronal section of female pelvis, showing 
vagina, urogenital diaphragm, and contents of su¬ 
perficial perineal pouch. 


Nerve Supply 

All the muscles of the superficial perineal pouch 
are supplied bv the perineal branch of the puden¬ 
dal nerve. 


Perineal Body 

The perineal body is larger than that of the male 
and it is clinically important. It is a wedge-shaped 
mass of fibrous tissue situated between the lower 
end of the vagina and the anal canal (Figs. 8-5 and 
8-14). It is the point of attachment of many peri¬ 


neal muscles (as in the male), including the leva- 
tores ani muscles; the latter assist the perineal body 
in supporting the posterior wall of the vagina. 


Perineal Branch of Pudendal Nerve 

The perineal branch of the pudendal nerve on 
each side terminates in the superficial perineal 
pouch bv supplving the muscles and skin (Fig. 
8 - 8 ). 


Contents of the Deep Perineal Pouch 
in the Female 

The deep perineal pouch (Fig. 8-13) contains (1) 
part of the urethra; (2) part of the vagina; (3) the 
sphincter urethrae, which is pierced by the urethra 
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Fig. 8-14. Root and body of clitoris and perineal 
muscles. 

and the vagina; (4) the deep transverse perineal 
muscles; (5) the internal pudendal vessels and their 
branches; and (6) the dorsal nerves of the clitoris. 

The urethra is described on page 393, and the 
vagina on page 352. 

The sphmcter urethrae and the deep transverse 
perineal muscles are described on page 387. The in¬ 
ternal pudendal vessels and the dorsal nerves of the 
clitoris have an arrangement similar to the corre¬ 
sponding structures found in the male. 

A summary of the muscles of the perineum, 


their nerve supply, and their action is given in Table 
8 - 1 . 


Erection of the Clitoris 

Sexual excitement produces engorgement of the 
erectile tissue within the clitoris in exactly the same 
manner as in the male. 


Orgasm in the Female 

As in the male, vision, hearing, smell, touch, and 
other psychic stimuli gradually build up the inten- 
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lable 8-1. Muscles of Perineum 


Name of muscle 


Origin 


Insertion 


Nerve supply 


Action 


External anal sphincter 
Subcutaneous 
part 

Superficial part 
Deep part 


Inferior rectal nerve 


Encircles anal canal 
Perineal body 
Encircles anal canal 


Coccvx 


Together with 
puborectalis 
muscle forms 
voluntary 
sphincter of anal 
canal 


Puborectalis (part Pubic bones 

Sling around 

Perineal branch of 

Together with 

of levator ani) 

junction of 

fourth sacral 

external anal 


rectum and anal 

nerve and from 

sphincter forms 


canal 

perineal branch 
of pudendal nerve 

voluntary 
sphincter for anal 
canal 

WALK UROGENITAL MUSCLES 

Bulbospongiosus Perineal body 

Fascia of bulb of 

Perineal branch of 

Compress urethra 


penis and corpus 
spongiosum and 
caver nosum 

pudendal nerve 

and assists in 
erection of penis 

Ischiocavernosus Ischial tuberosity 

Fascia covering 

Perineal branch of 

Assists in erection of 


corpus 

cavernosum 

pudendal nerve 

penis 

Sphincter urethrae Pubic arch 

Surrounds urethra 

Perineal branch of 
pudendal nerve 

Voluntary sphincter 
of urethra 

Deep transverse Ischial ramus 

perineal muscle 

Perineal body 

Perineal branch of 
pudendal nerve 

Fixes perineal body 

FEMALE UROGENITAL MUSCLES 

Bulbospongiosus Perineal body 

Fascia of corpus 

Perineal branch of 

Sphincter of vagina 


cavernosum 

pudendal nerve 

and assists in 
erection of clitoris 

Ischiocavernosus Ischial tuberosity 

Fascia covering 

Perineal branch of 

Causes erection of 

Superficial Same as in male 

transverse 
perineal muscle 

Sphincter urethrae Same as in male 

Deep transverse Same as in male 

perineal muscle 

corpus 

cavernosum 

pudendal nerve 

clitoris 


sity of sexual excitement. During this process the 
vaginal walls become moist, due to transudation of 
fluid through the congested mucous membrane. In 
addition, the greater vestibular glands at the vagi¬ 
nal orifice secrete a lubricating mucus. 

The upper part of the vagina, which resides in 
the pelvic cavity, is supplied by the hypogastric 


plexuses and is sensitive to stretch only. The region 
of the vaginal orifice, the labia minora, and the cli¬ 
toris are extremely sensitive to touch and are sup¬ 
plied by the ilioinguinal nerves and the dorsal 
nerves of the clitoris. 

Appropriate sexual stimulation of these sensitive 
areas, reinforced by afferent nervous impulses 
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from the breasts and other regions, results in a cli¬ 
max of pleasurable sensory impulses reaching the 
central nervous system. Impulses then pass down 
the spinal cord to the sympathetic outflow (TI¬ 
LS). 

The nervous impulses that pass to the genital or¬ 
gans are thought to leave the cord at the first and 
second lumbar segments in preganglionic sympa¬ 
thetic fibers. Many of these fibers synapse with 
postganglionic neurons in the first and second lum¬ 
bar ganglia; other fibers may synapse in ganglia in 
the lower lumbar or pelvic parts of the sympathetic 
trunks. The postganglionic fibers are then distrib¬ 
uted to the smooth muscle of the vaginal wall, 
which rhythmically contracts. In addition, nervous 
impulses travel in the pudendal nerve (S2, 3, and 
4), to reach the bulbospongiosus and ischiocaver- 
nosus muscles, which also undergo rhythmic con¬ 
traction. In many women a single orgasm brings 
about sexual contentment, but other women re¬ 
quire a series of orgasms to feel replete. 


FEMALE URETHRA 

The female urethra is about 1 Vz inches (3.8 cm) 
lone;. It extends from the neck of the bladder to the 
vestibule, where it opens about 1 inch (2.5 cm) be¬ 
low the clitoris (Figs. 8-5 and 8-14). It traverses the 
sphincter urethrae and lies immediately in front of 
the vagina. 

The paraurethral glands, which correspond to 
the prostate in the male, open into the vestibule by 
small ducts on either side of the urethral orifice 
(Fig. 8-4). 

The greater vestibular glands are a pair of small 
mucus-secreting glands that lie under cover of the 
posterior parts of the bulb of the vestibule and the 


labia majora (Figs. 8-13 and 8-14). Each drains its 
secretion into the vestibule by a small duct, which 
opens into the groove between the hymen and the 
posterior part of the labium minus (Fig. 8-4). 
These glands secrete a lubricating mucus during 
sexual intercourse. 


VAGINA 

The vagina serves as the excretory duct of the 
uterus, the female organ for copulation, and part 
of the birth canal. It extends upward and back¬ 
ward from the vulva (Fig. 8-5) and measures about 
3 inches (8 cm) long. The vaginal orifice possesses 
a thin mucosal fold called the hymen, which is per¬ 
forated at its center. The upper half of the vagina 
lies above the pelvic floor and the lower half lies 
within the perineum (Fig. 8-13). 

The arterial supply to the vagina is from the vag¬ 
inal artery, a branch of the internal iliac artery, it 
is also supplied by the vaginal branch of the uterine 
artery. The vaginal veins drain into the internal il¬ 
iac veins. 

The lymphatic vessels from the upper third of the 
vagina drain to the external and internal iliac 
nodes; from the middle third, to the internal iliac 
nodes; and from the lower third, to the superficial 
inguinal nodes. 

The supports of the vagina are discussed on page 
353. 

The nerve supply to the vagina is from the infe¬ 
rior hypogastric plexuses. 


Lymphatic Drainage of the Vulva 

The skin of the vulva is drained into the medial 
group of superficial inguinal nodes. 


CLINICAL NOTES _ 

Ana l Canal __ 

In the submucosa of the anal canal is a plexus of 
veins that is principally drained upward by the su¬ 
perior rectal vein. The small tributaries of the mid¬ 
dle and inferior rectal veins communicate with 
each other and with the superior rectal vein 
through this plexus. The rectal venous plexus there¬ 
fore forms an important portal systemic anasto¬ 


mosis, since the superior rectal vein drains into the 
portal vein, and the middle and inferior rectal veins 
drain into the systemic system. 

Internal hemorrhoids (piles) are varicosities of 
the tributaries of the superior rectal (hemorrhoid¬ 
al) vein and are covered by mucous membrane 
(Fig. 8-15). The tributaries of the vein, which lie in 
the anal columns at the 3, 7, and 11 o’clock posi¬ 
tions when the patient is viewed in the lithotomy 



















rhoids as seen through proctoscope with patient in 
lithotomy position. 
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position,* are particularly liable to become vari- 
cosed. Anatomically, a hemorrhoid is therefore a 
fold of mucous membrane and submucosa con¬ 
taining a varicosed tributary of the superior rectal 
vein and a terminal branch of the superior rectal 
artery. To begin with, hemorrhoids are contained 
within the anal canal (first degree). As they en¬ 
large, they are extruded from the canal on defeca¬ 
tion, but return at the end of the act (second de¬ 
gree). With further elongation, they prolapse on 
defecation and remain outside the anus (third de¬ 
gree). 

The causes of internal hemorrhoids are many. 
They frequently occur in members of the same 
family, which suggests a congenital weakness of 
the vein walls. Varicose veins of the legs and hem¬ 
orrhoids often go together. The superior rectal vein 
is the most dependent part of the portal circulation 
and is valveless. The weight of the column of ve¬ 
nous blood is thus greatest in the veins in the upper 
half of the anal canal. Here, the loose connective 
tissue of the submucosa gives little support to the 
walls of the veins. Moreover, the venous return is 
interrupted by the contraction of the muscular coat 
of the rectal wall during defecation. Chronic con¬ 
stipation, associated with prolonged straining at 
stool, is a common predisposing factor. Pregnancy 
hemorrhoids are common, due to pressure on the 
superior rectal veins by the gravid uterus. Portal 
hypertension due to cirrhosis of the liver may also 
cause hemorrhoids. The possibility that cancerous 
tumors of the rectum are blocking the superior rec¬ 
tal vein must never be overlooked. 

External hemorrhoids are varicosities of the trib¬ 
utaries of the inferior rectal (hemorrhoidal) vein as 
they run laterally from the anal margin. They are 
covered bv skin (Fig. 8-15) and are commonly as¬ 
sociated with well-established internal hemor¬ 
rhoids. A more important clinical condition is rup¬ 
ture of the tributaries of the inferior rectal vein as 
the result of coughing or straining, with the ap¬ 
pearance of a small clot of blood in the subcuta¬ 
neous tissue near the anus (Fig. 8-15). This 
small blue swelling is called a perianal hematoma 
(wrongly called thrombosed external pile). 

The lower ends of the anal columns are con- 

*The patient is in the supine position with both hip joints 
flexed and abducted; the feet are held in position by stirrups. 
The position is commonly used for pelvic examinations in the 
female. 


nected by small folds called anal valves. In persons 
suffering from chronic constipation, the anal valves 
may be torn down to the anus as the result of the 
edge of the fecal mass’s catching on the fold of mu¬ 
cous membrane. The elongated ulcer so formed, 
known as an anal fissure (Fig. 8-16), is extremely 
painful. It is interesting to note that this condition 
occurs most commonly in the midline posteriorly 
or anteriorly, and this may be due to the lack of 
support provided by the superficial part of the ex¬ 
ternal sphincter in these areas. (The superficial 
part of the external sphincter does not encircle the 
anal canal, but sweeps past its lateral sides.) 

The site of the anal fissure in the sensitive lower 
half of anal canal, which is innervated by the in¬ 
ferior rectal nerve, results in reflex spasm of the 
external anal sphincter, aggravating the condition. 
Because of the intense pain, anal fissures may have 
to be examined under local anesthesia. 

Perianal abscesses are produced by fecal trauma 
to the anal mucosa (Fig. 8-16). Infection may gain 
entrance to the submucosa through a small mu¬ 
cosal lesion, or the abscess may complicate an anal 
fissure. The abscess may be localized to the sub¬ 
mucosa (submucous abscess), may occur beneath 
the perianal skin (subcutaneous abscess), or may 
occupy the ischiorectal fossa (ischiorectal abscess). 
Sometimes an abscess may be found in the space 
between the ampulla of the rectum and the upper 
surface of the levator ani (pelvirectal abscess). An¬ 
atomically, these abscesses are closely related to the 
different parts of the external sphincter and levator 
ani muscles, as seen in Figure 8-16). 

Anal fistulae develop as the result of spread or 
inadequate treatment of anal abscesses. The fistula 
opens at one end at the lumen of the anal canal or 
lower rectum and at the other end on the skin sur¬ 
face close to the anus (Fig. 8-16). If the abscess 
opens onto only one surface, it is known as a sums, 
not a fistula. The high-level fistulae are rare and 
run from the rectum to the perianal skin. They are 
located above the anorectal ring, and, as a result, 
fecal material constantly soils the clothes. The low- 
level fistulae occur below the level of the anorectal 
ring, as shown in Figure 8-16). 

The most important part of the sphincteric 
mechanism of the anal canal is the anorectal ring. 
It consists of the deep part of the external sphinc¬ 
ter, the internal sphincter, and the puborectalis 
part of the levator ani. Surgical operations on the 
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Fig. 8-16* (A) Tearing downward of anal valve to 
form anal fissure. (B) Common locations of peri¬ 
anal abscesses. (C) Common positions of perianal 
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anal canal that results in damage to the anorectal 
ring will produce fecal incontinence. 


Rectal Examination 

The following structures can be palpated bv the 
gloved index finger inserted into the anal canal and 
rectum in the normal patient. 


Anteriorly 

Male: 

1. Opposite the terminal phalanx are the contents 
of the rectovesical pouch, the posterior surface 
of the bladder, the seminal vesicles, and the vasa 
deferentia (Fig. 8-17). 

2. Opposite the middle phalanx are the rectopros- 
tatic fascia and the prostate. 

3. Opposite the proximal phalanx are the perineal 
body, the urogenital diaphragm, and the bulb of 
the penis. 


Anteriorly 

Female: 

1. Opposite the terminal phalanx are the rectouter¬ 
ine pouch, the vagina, and the cervix. 

2. Opposite the middle phalanx are the urogenital 
diaphragm and the vagina. 

3. Opposite the proximal phalanx are the perineal 
body and the lower part of the vagina. 


Posteriorly 

The sacrum, coccyx, and anococcygeal body. 


Laterally 

The ischiorectal fossae and ischial spines. 


Ischiorectal Fossa 

The ischiorectal fossae are filled with fat that is 
poorlv vascularized. The close proximity to the anal 
canal makes them particularly vulnerable to infec¬ 
tion. Infection commonly tracks laterally from the 
anal mucosa through the external anal sphincter. 
Infection of the perianal hair follicles or sweat 
glands mav also be the cause of infection in the 
fossae. Rarely, a perirectal abscess bursts down¬ 


ward through the levator ani muscle. An ischiorec¬ 
tal abscess may involve the opposite fossa by the 
spread of infection across the midline behind the 
anal canal. 

The pudendal tietve, as it runs forward in the 
fascial pudendal canal on the lateral wall of the 
ischiorectal fossa, may be blocked by an anesthetic 
to produce analgesia of the perineum in forceps de- 
liverv. 


Lymphatic Drainage of Anal Canal 

It is important to remember the lvmphatic drain¬ 
age of the anal canal. The upper half of the mucous 
membrane is drained upward to lymph nodes 
along the course of the superior rectal artery. The 
lower half of the mucous membrane is drained 
downward to the medial group of superficial in¬ 
guinal nodes. Many a patient has thought himself 
to have an inguinal hernia, and the physician has 
found a cancer of the lower half of the anal canal, 
with secondary deposits in the inguinal lymph 
nodes. 


Male Urogenital Triangle 

Circumcision 

This is the operation of removing the greater part 
of the prepuce, or foreskin. In many newborn 
males, the prepuce cannot be retracted over the 
glans. This may result in the infection of the secre¬ 
tions beneath the prepuce leading to inflamma¬ 
tion, swelling, and fibrosis of the prepuce. Re¬ 
peated inflammation leads to constriction of the 
orifice of the prepuce ( phimosis ) with obstruction 
to urination. It is now generally believed that 
chronic inflammation of the prepuce predisposes 
to carcinoma of the glans penis. For these reasons 
prophylactic circumcision is commonly practiced 
and in Jews it is a religious rite. 


Rupture of the Urethra 

This mav complicate a severe blow on the peri¬ 
neum. The common site of rupture is within the 
bulb of the penis, just below the perineal mem¬ 
brane. The urine extravasates into the superficial 
perineal pouch and then passes forward over the 
scrotum beneath the membranous layer of the su- 
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perficial fascia, as described in Chapter 4. If the 
membranous part of the urethra is ruptured, urine 
escapes into the deep perineal pouch and may ex- 
travasate upward around the prostate and bladder, 
or downward into the superficial perineal pouch. 


Catheterization 

The following anatomical facts should be remem¬ 
bered before passing a catheter or other instrument 
along the male urethra. 

1. The external orifice at the glans penis is the nar¬ 
rowest part of the entire urethra. 

2. Within the glans the urethra dilates to form the 
fossa terminalis. 

3. Near the posterior end of the fossa, a fold of mu¬ 
cous membrane projects into the lumen from 
the roof. 

4. The membranous part of the urethra is narrow 
and fixed. 

5. The prostatic part of the urethra is the widest 
and most dilatable part of the urethra. 

6. Bv holding the penis upward, the S-shaped curve 
to the urethra is converted into a J-shaped curve. 

If the point of the catheter will pass through the 
external orifice and is then directed toward the ure¬ 
thral floor until it has passed the mucosal fold (see 
3 above), it should easilv pass along a normal ure¬ 
thra into the bladder. 

The most dependent part of the male urethra is 
that which lies within the bulb. Here, it is subject 
to chronic inflammation and stricture formation. 

The many glands that open into the urethra, in¬ 
cluding those of the prostate, the bulbourethral 
glands, and many small penile urethral glands, are 
commonly the site of chronic gonococcal infection. 

Clinical notes on the anatomy of the scrotum 
have been presented in Chapter 4. 


Female Urogenital Triangle 

In the region of the vulva, the presence of numer¬ 
ous glands and ducts opening onto the surface 
makes this area prone to infection. The sebaceous 
glands of the labia majora, the ducts of the greater 
vestibular glands, the vagina (with its indirect 
communication with the peritoneal cavity), the 
urethra, and the paraurethral glands can all be¬ 


come infected. The vagina itself has no glands and 
is lined with stratified squamous epithelium. Pro¬ 
vided that the pH of its interior is kept low, it is 
capable of resisting infection to a remarkable de¬ 
gree. 

An important sign in the diagnosis of pregnancy 
is the appearance of a bluish discoloration of the 
vulva and vagina due to venous congestion. It ap¬ 
pears at approximately the eighth to twelfth week 
and increases as the pregnancy progresses. 


Vaginal Examination 

Digital examination of the vagina may provide the 
physician with much valuable information con¬ 
cerning the health of the vaginal walls, the uterus, 
and the surrounding structures (Fig. 8-17). The an¬ 
atomical relations of the vagina must therefore be 
known and are considered in detail in Chapter 7. 

The perineal body is a wedge of fibromuscular 
tissue that lies between the lower part of the vagina 
and the anal canal. It is held in position by the in¬ 
sertion of the perineal muscles and by the attach¬ 
ment of the levator ani muscles. In the female it is 
a much larger structure than in the male, and it 
serves to support the posterior wall of the vagina. 
Damage by laceration during childbirth may be 
followed bv permanent weakness of the pelvic 
floor. 

Very few women escape some injury to the birth 
canal during delivery. In the majority this is little 
more than an abrasion of the posterior vaginal 
wall. Spontaneous delivery of the child with the pa¬ 
tient unattended may result in a severe tear of the 
lower third of the posterior wall of the vagina, the 
perineal body, and overlying skin. In severe tears 
the lacerations may extend backward into the anal 
canal and damage the external sphincter. In these 
cases it is imperative that an accurate repair of the 
walls of the anal canal, vagina, and perineal body 
be undertaken as soon as possible. 

In the management of childbirth, when it is ob¬ 
vious to the obstetrician that the perineum will tear 
before the baby’s head emerges through the vaginal 
orifice, a planned surgical incision is made through 
the perineal skin in a posterolateral direction to 
avoid the anal sphincters. This procedure is known 
as an episiotomy (Fig. 8-17). Breech deliveries and 
forceps deliveries are usually preceded by an episi¬ 
otomy. 
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Pudendal Nerve Block _ 

During the second stage of labor, when the pre¬ 
senting part of the fetus, usually the head, is de¬ 
scending through the vulva, the area may be anes¬ 
thetized by performing a pudendal nerve block. 


The local anesthetic is injected around the puden¬ 
dal nerve as it lies within the pudendal canal on 
the medial side of the ischial tuberosity. This pro¬ 
cedure relieves the pain caused by stretching of the 
soft tissues of the perineum. 


CLINICAL PROBLEMS 

1. A 53-vear-old man stated that for the past 4 
years he had frequently passed blood-stained 
stools. The blood was bright red in color but 
small in amount, and he did not think it was 
serious enough to consult his physician. Recently, 
he had noticed that his “bowel” protruded from 
his anus after defecation, and this caused him 
considerable discomfort. He had also started to 
have intense perianal irritation, especially at 
night. On physical examination, the perianal 
skin was noted to be red, moist, and excoriated. 
On digital examination of the anal canal, no tu¬ 
mor was palpated. On proctoscopic examina¬ 
tion, the mucous membrane at the level of the 
anal valves was found to bulge downward when 
the patient strained. The mucous membrane 
over the swellings was pink in color, but large, 
congested veins could be seen beneath the sur¬ 
face. With the patient in the lithotomy position, 
the swellings were arranged at 3, 7, and 11 o’¬ 
clock. From your knowledge of anatomy, what is 
the diagnosis? 

2. A 42-year-old woman visited her physician be¬ 
cause of an agonizing pain in the “rectum,” 
which occurred on defecation. She had first no¬ 
ticed the pain a week before when she tried to 
defecate. The pain lasted for about an hour, then 
passed off, only to return with the next bowel 
movement. On questioning the patient, the phy¬ 
sician learned that the woman suffered from 
chronic constipation. She admitted that the 
stools were sometimes streaked with blood. On 
examination, the anus was found to be tightly 
closed. An attempt to examine the anal canal 
digitally failed because of the severe pain it 
caused the patient. By gently everting the anal 
margin, however, the lower edge of a linear tear 
in the posterior wall of the anal canal could be 
seen. A diagnosis of anal fissure was made. In 
anatomical terms, explain the possible causes of 
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anal fissure. Why is this condition so painful, 
when, for example, carcinomatous ulcers of the 
upper half of the anal canal are painless? Why 
was the anus tightly closed? 

3. An enthusiastic voung surgeon, while operating 
on a perianal fistula, found that it was necessary 
to extend his dissection of the fistulous tract su¬ 
periorly. Unfortunately, his exposure of the area 
was poor, and troublesome bleeding kept hiding 
important structures from view. Ten days after 
the operation, he was surprised to learn that the 
patient was suffering from fecal incontinence. 
What anatomical structure must be preserved in 
this region in order to prevent fecal inconti¬ 
nence? 

4. A 51-year-old woman with a history of a chronic 
anal fissure visited her physician complaining of 
a painful swelling in the region of the anus. 
Physical examination revealed a hot, red, tender 
swelling lateral to the right anal margin. A di¬ 
agnosis of ischiorectal abscess was made. Why is 
an ischiorectal abscess a common complication 
of anal fissure? Are there anv important struc¬ 
tures in the ischiorectal fossa that might be 
damaged by a surgical incision of an abscess in 
this region? 

5. A 16-vear-old bov was taking part in a bicycle 
race when, on approaching a steep incline, he 
stood up on his pedals to increase his speed. Un¬ 
fortunately, his right foot slipped off the pedal 
and he fell violently, his perineum hitting the bar 
of the bicycle. Several hours later he was admit¬ 
ted to the hospital unable to micturate. He had 
extensive swelling of his penis and scrotum. The 
diagnosis of ruptured urethra was made. Which 
part of the urethra was likely to have been dam¬ 
aged? What is the cause of the extensive swelling 
of the penis and scrotum? 

6. An inexperienced but learned student was asked 
to catheterize a male patient who was suffering 
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from postoperative retention of urine following 
an appendectomy. The patient's urinary tract 
was otherwise normal. Remembering his anat¬ 
omy, the student knew that once he «;ot the end 
of the catheter through the external urethral 
meatus, everything should go smoothly, and the 
catheter should pass without difficulty into the 
bladder. For reasons he could not understand, 
the point of the catheter refused to go beyond the 
first 3 /i of an inch (1.9 cm) of the urethra. After 
six attempts, the patient was jumping up and 
down on the bed and threatening to call the fire 
brigade. The embarrassed student, red-faced 
and wishing the floor would swallow him up, 
unobtrusively left the ward and sought advice 
from the resident. What anatomical structure 
had the student forgotten? 

o 


7. A 35-vear-old woman with a history of chronic 
gonorrhea \isited her physician complaining of 
a swelling in the genital region. On examination, 
a tense cystic swelling was found beneath the 
posterior two-thirds of the left labium majus 
and minus. Name the secretory organs that lie 
under cover of the posterior portions of the labia. 

8. A 65-vear-old woman went to her physician 
complaining of irritation, discharge, and bleed¬ 
ing of the genital region. On physical examina¬ 
tion, a hard-based ulcer was found on the 
medial aspect of the right labium majus. A di¬ 
agnosis of squamous cell carcinoma of the skin 
was made. What is the lymphatic drainage of 
this region, and which group of lymph nodes 
would you therefore examine for evidence of me- 
tastases? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) If (1) is correct only 

(b) If (2) is correct only 

(c) If BOTH (1) AND (2) ARE correct, and 

(d) If neither (1) nor (2) is correct 

1. Which of the following statements is (are) true: 

(1) The anal valves mark the boundary be¬ 
tween the upper and lower halves of the 
anal canal. 

(2) The mucous membrane of the upper and 
lower halves of the anal canal is sensitive 
to touch and pain. 

2. Which of the following statements is (are) true 
concerning the male urethra? 

(1) The narrowest part of the entire male ur¬ 
ethra is the external urethral meatus. 

(2) The wddest part of the male urethra is the 
membranous urethra. 

3. Which of the following statements is (are) true 
concerning the vulva? 

(1) The ducts of the greater vestibular glands 
open into the vulva between the labia mi¬ 
nora and labia majora. 

(2) The lymph vessels of the skin of the vulva 
are drained into the medial group of su¬ 
perficial inguinal nodes. 

In the following questions, answer: 

(a) If (1), (2), and (3) only are correct 
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(b) If (1) AND (3) ONLY ARE CORRECT 

(c) If (2) AND (4) ARE ONLY CORRECT 

(d) If (4) ONLY IS CORRECT, OR 

(e) If all are correct 

4. (1) The anorectal ring is formed by the sub¬ 

cutaneous, superficial, and deep fibers of 
the external anal sphincter. 

(2) The urogenital diaphragm is attached lat¬ 
erally to the inferior ramus of the pubis 
and the ischial ramus. 

(3) The bulbourethral glands are situated in 
the superficial perineal pouch. 

(4) The crura of the clitoris anteriorly form 
the corpora cavernosa of the body of the 
clitoris. 

5. Which of the following structures may be pal¬ 
pated by a vaginal examination? 

(1) Sigmoid colon 

(2) Ureters 

(3) Perineal body 

(4) Ischial spines 

6. Concerning the ischiorectal fossa: 

(1) The pudendal nerve lies in the lateral wall. 

(2) The medial wall is formed in part by the 
levator ani muscle. 

(3) The floor is formed bv superficial fascia 
and skin. 

(4) The lateral wall is formed by the obturator 
internus muscle and its fascia. 
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7. Concerning the penis: 

(1) Its root is formed in the midline by the 
bulb of the penis, which continues ante¬ 
riorly as the corpus spongiosum. 

(2) Its roots laterally are formed by the crura, 
which continue anteriorly as the corpora 
cavernosa. 

(3) The penile urethra lies within the corpus 
spongiosum. 

(4) The glans penis is a distal expansion of the 
fused corpora cavernosa. 

8. Concerning the female urethra: 

(1) It lies immediately anterior to the vagina. 

(2) Its external orifice lies about 2 inches (5 
cm) from the clitoris. 

(3) It is about lVz inches (3.8 cm) long. 

(4) It does not pierce the deep perineal pouch. 

Select the best response: 

9. The urogenital diaphragm is formed by all of 
the following structures except the: 

(a) Deep transverse perineal muscle 

(b) Perineal membrane 

(c) Sphincter urethrae muscle 

(d) Colics' fascia (membranous layer of super¬ 
ficial fascia) 

(e) Parietal pelvic fascia covering the upper 
surface of the sphincter urethrae muscle 

10. Which of the following structures cannot be 
palpated on rectal examination in the male? 

(a) Bulb of the penis 

(b) Urogenital diaphragm 

(c) Anorectal ring 

(d) The anterior surface of the sacrum 

(e) Ureter 

11. Which statement is not true concerning the 
anal canal? 

(a) It is about IV 2 inches (3.75 cm) long. 

(b) It pierces the urogenital diaphragm. 

(c) It is related laterally to the external anal 
sphincter. 

(d) It is the site of an important portal-sys¬ 
temic anastomosis. 

(e) The mucous membrane of the lower half 
receives its arterial supply from the infe¬ 
rior rectal artery. 


12. Which of the following features is true con¬ 
cerning the subcutaneous part of the external 
anal sphincter? 

(a) It encircles the anal canal. 

(b) It is attached to the anococcygeal body. 

(c) It is composed of smooth muscle fibers. 

(d) It causes the rectum to join the anal canal 
at an acute angle. 

(e) It is innervated by the middle rectal nerve. 

13. The following facts concerning defecation are 
true except: 

(a) The act is often preceded by the entrance 
of feces into the rectum, which gives rise 
to the desire to defecate. 

(b) The muscles of the anterior abdominal 
wall contract. 

(c) The external anal sphincters and the pu- 
borectalis muscle relax. 

(d) The internal sphincter contracts and 
causes the evacuation of the feces. 

(e) The mucous membrane of the lower part 
of the anal canal is extruded through the 
anus ahead of the fecal mass. 

14. The process of ejaculation depends on the fol¬ 
lowing processes except: 

(a) The sphincter of the bladder contracts. 

(b) The sympathetic preganglionic nerve fi¬ 
bers arising from the first and second lum¬ 
bar segments of the spinal cord must be 
intact. 

(c) The smooth muscle of the epididvmis, vas 
deferens, seminal vesicles, and prostate 
contracts. 

(d) The bulbourethral glands and urethral 
glands are active. 

(e) The bulbospongiosus muscles relax. 

15. Which of the following structures does not re¬ 
ceive innervation from the branches of the pud¬ 
endal nerve? 

(a) Labia minora 

(b) Urethral sphincter 

(c) The posterior fornix of the vagina 

(d) Ischiocavernosus muscles 

(e) Skin of the penis or clitoris 





9. The Upper Limb 


The upper limb may be regarded as a multijointed 
lever that is freely movable on the trunk at the 
shoulder joint. At the distal end of the upper limb 
is the important prehensile organ, the hand. Much 
of the importance of the hand is dependent on the 
pincer-like action of the thumb, which enables one 
to grasp objects between the thumb and index fin¬ 
ger. 

The upper limb may be divided into the shoulder 
(junction of the trunk with the arm), arm, elbow, 
forearm, wrist, and hand. 


SURFACE ANATOMY 

The following information should be verified on 
the living body. Remember that much of the infor¬ 
mation that you obtain on physical examination of 
a patient depends on your adequate knowledge of 
surface anatomy. 


The Mammary Glands 

The mammary glands in the female after puberty 
(Fig. 9-1) are usually hemispherical in shape, are 


slightly pendulous, and extend from the second to 
the sixth rib and from the lateral margin of the 
sternum to the midaxillaiy line. The greater part of 
a mammary gland lies in the superficial fascia and 
can be moved freely in all directions. A small part 
of the breast, known as the axillary tail (Fig. 9-1), 
extends upward and laterally, pierces the deep fas¬ 
cia at the lower border of the pectoralis major mus¬ 
cle, and comes into close relationship with the ax¬ 
illary vessels. 

In the living subject, the breast is soft because 
the fat contained within it is fluid. On careful pal¬ 
pation with the open hand, the breast has a firm 
overall lobulated consistency, produced by its glan¬ 
dular tissue. 

The nipple projects from the lower half of the 
breast (Fig. 9-1), but its position in relation to the 
chest wall varies greatly and depends on the degree 
of development of the gland. The base of the nipple 
is surrounded by a circular area of pigmented skin 
called the areola (Fig. 9-1). Pink in color in the 
young girl, the areola becomes darker in color in 
the second month of the first pregnancy and never 
regains its former tint. Tiny tubercles on the areola 
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Fig. 9-1. Anterior view of thorax and abdomen in a 
29-vear-old female. 


are produced by the underlying areolar glands. 

In the immature female and in the male, the 
mammary glands are rudimentary. The nipples are 
small and usually lie over the fourth intercostal 
space. 


The Clavicles 

The clavicle is situated at the root of the neck and 
can be palpated throughout its length (Figs. 9-1, 
9-2, and 9-3). The positions of the sternoclavicular 
and acromioclavicular joints can be easily identi¬ 
fied. Note that the medial end of the clavicle pro¬ 
jects above the margin of the manubrium sterni. 


The Deltopectoral Triangle 

This is a small triangular depression situated be¬ 
low the outer third of the clavicle; it is bounded by 


the pectoralis major and deltoid muscles (Figs. 9- 
1,9-2, and 9-3). 


The Scapulae 

The tip of the coracoid process of the scapula (Fig. 
9-3) can be felt on deep palpation in the lateral 
part of the deltopectoral triangle; it is covered by 
the anterior fibers of the deltoid. 

The acromion process of the scapula forms the 
lateral extremity of the spine of the scapula. It is 
subcutaneous and easily located (Figs. 9-1 and 
9-2). 

Immediately below the lateral edge of the acro¬ 
mion process, the smooth rounded curve of the 
shoulder is produced by the deltoid muscle , which 
covers the greater tuberosity of the humerus (Fig. 
9—2). 

The crest of the spine of the scapula can be pal¬ 
pated and traced medially to the medial border of 
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Fig. 9-2. The pectoral region in a 27-year-old male. 

the scapula, which it joins at the level of the third 
thoracic spine (Fig. 9-5). 

The inferior angle of the scapula can be palpated 
opposite the seventh thoracic spine (Figs. 9-4 and 
9-5). 


Axillary Folds and Axilla 

The anterior axillary fold, which is formed by the 
lower margin of the pectoralis major muscle, can 
be palpated between the finger and thumb (Figs. 
9-1, 9-2, and 9-3). 


The posterior axillary fold, which is formed by 
the tendon of latissimus dorsi winding around the 
lower border of the teres major muscle, can be sim¬ 
ilarly palpated between finger and thumb (Fig. 
9-5). 

The axilla should be examined with the forearm 
supported and the pectoral muscles relaxed. With 
the arm by the side, the inferior part of the head of 
the humerus can be easily palpated through the 
floor of the axilla. The pulsations of the axillary 
artery may be felt high up in the axilla, and around 
the artery may be palpated the cords of the bra¬ 
chial plexus. The medial wall of the axilla is 
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Fig. 9-4. The back in a 27-vear-old male. 


formed by the upper ribs covered by the serratus 
anterior muscle, the serrations of which can be seen 
and felt in a muscular subject (Fig. 9-2). The lateral 
wall is formed by the coracobrachialis and biceps 
brachii muscles and the bicipital groove of the hu¬ 
merus. 


Elbow Region 

The medial and lateral epicondyles of the humerus 
(Figs. 9-2 and 9-5) and the olecranon process of the 
ulna can be palpated (Fig. 9-5). When the elbow 
joint is extended, these bony points lie on the same 
straight line; when the elbow is flexed, these three 
| points form the boundaries of an equilateral tri¬ 
angle. 

The head of the radius can be palpated in a 
depression on the posterolateral aspect of the ex¬ 
tended elbow, distal to the lateral epicondyle. The 
head of the radius can be felt to rotate during pro¬ 
nation and supination of the forearm. 

The boundaries of the cubital fossa (Figs. 9-3 


and 9-6) can be seen and felt; the brachioradialis 
muscle forms the lateral boundary and the pro¬ 
nator teres forms the medial boundary. The tendon 
of the biceps muscle can be palpated as it passes 
downward into the fossa, and the bicipital aponeu¬ 
rosis can be felt as it leaves the tendon to join the 
deep fascia on the medial side of the forearm (Figs. 
9-3 and 9-6). The tendon and aponeurosis are most 
easily felt if the elbow joint is flexed against resis¬ 
tance. 

The ulnar nerve can be palpated where it lies be¬ 
hind the medial epicondyle of the humerus. It feels 
like a rounded cord, and when it is compressed, a 
“pins-and-needles” sensation is felt along the me¬ 
dial part of the hand. 


The Brachial Artery 

This artery may be felt to pulsate as it passes down 
the arm, overlapped by the medial border of the 
biceps muscle. In the cubital fossa, it lies beneath 
the bicipital aponeurosis, and at a level just below 
the head of the radius, it divides into its terminal 
branches. 
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Fig. 9-5. Surface anatomy of scapula, shoulder, and 
elbow regions as seen posteriorly. 
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Fig. 9-6. The cubital fossa and anterior surface of 
forearm in a 27-year-old male. 


The Ulna Bone 

The posterior border of the ulna bone is subcuta¬ 
neous and can be palpated along its entire length. 


The Wrist and Hand 

At the wrist, the styloid processes of the radius (Fig. 
9-7) and ulna can be palpated. The styloid process 
of the radius lies about % inch (1.9 cm) distal to 
that of the ulna. 

The dorsal tubercle of the radius is palpable on 
the posterior surface of the lower end of the radius 
(Fig. 9-7). 

The pisiform bone can be felt on the medial side 
of the anterior aspect of the wrist between the two 


transverse creases (Figs. 9-6 and 9-7). The hook of 
the hamate bone can be felt on deep palpation of 
the hypothenar eminence, a fingerbreadth distal 
and lateral to the pisiform bone. 

The transverse creases seen in front of the wrist 
are important landmarks (Fig. 9-7). The proximal 
transverse crease lies at the level of the wrist joint. 
The distal transverse crease corresponds to the 
proximal border of the flexor retinaculum. 

The following important structures lie in front 
of the wrist region and should be palpated. The 
pulsations of the radial artery may be felt anterior 
to the distal third of the radius (Figs. 9-6 and 9-7). 
The tendon medial to this is the tendon of the 
flexor carpi radialis. Medial to this, the tendon of 
palmaris longus may be present overlying the me¬ 
dian nerve. Medial to this, a rounded group of ten¬ 
dons will be seen when the wrist and fingers are 
flexed and extended; this is the flexor digitorum su- 
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Fig. 9-7. Surface anatomy of wrist region. 


Pig. 7 . Surface anatomy of wrist region. 
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Fig. 9-8. Superficial veins of upper limb. Note com¬ 
mon variations seen in region of elbow. 


perficialis muscle. The tendon of the flexor carpi ul- 
naris lies most medially as it goes to its insertion 
on the pisiform bone (Figs. 9-6 and 9-7). By careful 
palpation, the pulsations of the ulnar artery can be 
felt lateral to this tendon. The ulnar nerve lies im¬ 
mediately medial to the ulnar artery in this region 
(Fig. 9-7). 

On the lateral aspect of the wrist, distal to the 
styloid process of the radius, lies the “ anatomical 
snuffbox ” (Fig. 9-7). It is bounded medially by the 


tendon of extensor pollicis longus and laterally by 
the tendons of abductor pollicis longus and exten¬ 
sor pollicis brevis. In its floor are the styloid process 
of the radius, the scaphoid and trapezium, and the 
base of the first metacarpal bone (Fig. 9-7). The 
radial artery may be palpated within the snuffbox 
as the artery winds around the lateral margin of 
the wrist to reach the dorsum of the hand (Fig. 
9-7). 

The superficial palmar arterial arch (Fig. 9-7) is 
located in the central part of the palm and lies on 
a line drawn across the palm at the level of the 
distal border of the fully extended thumb. The deep 
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palmar arterial arch (Fig. 9-7) lies a fingerbreadth 
proximal to this. 

The metacarpal phalangeal joints lie approxi¬ 
mately at the level of the distal transverse palmar 
crease. The interphalangeal joints lie at the level of 
the middle and distal finger creases. 

On the dorsum of the hand, the tendons of the 
extensor digitorum, the extensor indicis, and the ex¬ 
tensor digiti minimi can be seen passing to the 
bases of the fingers (Fig. 9-7). 

The venous network of superficial veins can be 
identified on the dorsum of the hand (Fig. 9-7). 
These drain upward into a lateral cephalic vein and 
a medial basilic vein. The cephalic vein crosses the 
anatomical snuffbox and wands around onto the 
anterior aspect of the forearm. It then ascends into 
the arm and runs along the lateral border of the 
biceps (Fig. 9-8). It ends by piercing the deep fascia 
in the deltopectoral triangle and enters the axillary 
vein. 

The basilic vein can be traced from the dorsum 
of the hand around the medial side of the forearm; 
it reaches the anterior aspect of the forearm just 
below the elbow (Fig. 9-8). It pierces the deep fas¬ 
cia at about the middle of the arm. The median 
cubital vein (or median cephalic and median ba¬ 
silic veins) links the cephalic and basilic veins in 
the cubital fossa (Fig. 9-8). 

To identify these veins easily, apply firm pressure 
around the upper arm and repeatedly clench and 
relax the fist. Bv this means the veins become dis¬ 
tended with blood. 


THE PECTORAL REGION 
AND THE AXILLA 

Mammary Glands 

The mammary glands are specialized accessory 
glands of the skin that are capable of secreting 
milk. They are present in both sexes. In the male 
and the immature female, the mammary glands 
are similar. The nipples are small, and each is sur¬ 
rounded by a colored area of skin called the areola. 
The breast tissue consists of little more than a sys¬ 
tem of ducts embedded in connective tissue, and 
they do not extend beyond the margin of the areola. 

At puberty' in the female, the mammary glands 
gradually enlarge and assume their hemispherical 
shape under the influence of the ovarian hormones 


(Figs. 9-1 and 9-9). The ducts elongate, but the in¬ 
creased size of the glands is due to the deposition 
of fat. The base of the breast extends from the sec¬ 
ond to the sixth rib and from the lateral margin of 
the sternum to the midaxillary line. The greater 
part of the gland lies in the superficial fascia. A 
small part, called the axillary tail (Figs. 9-1 and 
9-9), extends upward and laterally, pierces the 
deep fascia at the lower border of the pectoralis 
major muscle, and comes into close relationship 
with the axillary vessels. 

Each mammary gland consists of fifteen to 
twenty lobes , which radiate out from the nipple. 
The main duct from each lobe opens separately on 
the summit of the nipple and possesses a dilated 
ampulla just prior to its termination. The base of 
the nipple is surrounded by the areola (Figs. 9-1 
and 9-9). Tiny tubercles on the areola are produced 
bv the underlying areolar glands. 

The lobes of the gland are separated by fibrous 
septa. The septa in the upper part of the gland are 
well developed and extend from the skin to the 
deep fascia; they serve as suspensor}> ligaments 
(Fig. 9-9). The mammary glands are separated 
from the deep fascia covering the underlying mus¬ 
cles by an area of loose connective tissue known as 
the retromamnuuy space (Fig. 9-9). 

In the young woman the breasts tend to protrude 
forward from a circular base; in the older woman 
they tend to be pendulous. They reach their maxi¬ 
mum size during lactation. 

The arterial supply of the mammary gland is 
from perforating branches of the internal thoracic 
artery and the intercostal arteries. The axillary ar¬ 
tery also supplies the gland via its lateral thoracic 
and thoracoacromial branches. The veins corre¬ 
spond to the arteries. 

The lymphatic drainage of the mammary gland 
is of considerable clinical importance because of 
the frequent development of cancer in the gland 
and the subsequent dissemination of the malignant 
cells along the lymph vessels to the lymph nodes. 

The lymphatic capillaries of the breast form an 
anastomosing network, which is continuous across 
the midline with that of the opposite side, and be¬ 
low with that of the abdominal wall. The efferent 
lymphatic vessels from this network accompany 
the arteries supplying the gland. The lateral part of 
the gland is drained into the anterior axillary or 
pectoral nodes (Fig. 9-10). The medial part of the 
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Fig. 9-9. Mature mammary gland in the female. (A) 
Anterior view w r ith skin partially removed to show 
internal structure. (B) Sagittal section. (C) The axil- 
larv tail, which pierces the deep fascia and extends 
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,9. The Upper Limb 


414 



Bones of the Shoulder Girdle 
and Arm 


gland is drained into nodes hang along the internal 
thoracic artery. A few lymph vessels follow the pos¬ 
terior intercostal arteries and drain posteriorly into 
the posterior intercostal nodes. 

The superficial lymphatic plexus beneath the 
areola (subareola plexus), and the deep plexus in 
the fascia covering the pectoralis major ( submam- 
inary plexus ), are no longer regarded as especially 
important in the drainage of lymph from the 
mammary gland. 


The shoulder girdle consists of the clavicle and the 
scapula, which articulate with one another at the 
acromioclavicular joint. 


CLAVICLE 

The clavicle lies horizontally and articulates with 
the sternum and first costal cartilage medially and 
with the acromion process of the scapula laterally 
(Fig. 9-11). The clavicle acts as a strut, which holds 
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coracobrachial is and pectoralis minor 



Fig. 9-11. Muscle attachments to bones of thorax, 
clavicle, scapula, and humerus. 
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capsule of acromioclavicular joint 



Superior surface 



Inferior surface 


Fig, 9-12. Important muscular and ligamentous at¬ 
tachments to right clavicle. 

the arm away from the trunk. It also serves to 
transmit forces from the upper limb to the axial 
skeleton, and it provides attachment for muscles. 

The clavicle is subcutaneous throughout its 
length; its medial two-thirds are convex forward 
and its lateral third, concave forward. The impor¬ 
tant muscles and ligaments that are attached to the 
clavicle are shown in Figure 9-12). 


SCAPULA 

The scapula is a flat triangular bone (Fig. 9-5), 
which lies on the posterior thoracic wall between 
the second and the seventh ribs. On its posterior 
surface the spine of the scapula projects backward 


(Fig. 9-13). The lateral end of the spine is free and 
forms the acromion , which articulates with the cla¬ 
vicle. The superolateral angle of the scapula forms 
the pear-shaped glenoid cavity , or fossa, which ar¬ 
ticulates with the head of the humerus. The cora¬ 
coid process projects upward and forward above 
the glenoid cavity and provides attachment for 
muscles and ligaments. Medial to the base of the 
coracoid process is the suprascapular notch (Fig. 
9-13). 

The anterior surface of the scapula is concave 
and forms the shallow subscapular fossa. The pos¬ 
terior surface of the scapula is divided by the spine 
into the supraspinous fossa above and an infra- 
spinous fossa below (Fig. 9-13). The inferior angle 
of the scapula can be palpated easily in the living 

















The Pectoral Region And The Axilla 417 


deltoid 

acromion process 

short head of biceps 
and coracobrachialis 

supraglenoid tubercle 
long head of biceps 
glenoid fossa 
infraglenoid tubercle 
long head of triceps 


articular surface for clavicle 
pectoral is minor 
coracoid process 
,coracoclavicular ligament 

superior angle 

suprascapular ligament 
suprascapular notch 


subscapular fossa 


lateral border 



medial border 
serratus anterior 

subscapularis 


Anterior surface 


inferior angle 


coracoacromia1 1igament 

coracoid process 

spine of scapula / ^ acromion process 

superior angle ^trapezi 

levator scapulae^. —— deltoid 


supraspinatus 
supraspinous fossa 

rhomboid minor 


medial border 

rhomboid major 

infraspinous fossa 
infraspinatus 

latissimus dorsi 



glenoid fossa 
capsule of shoulder joint 
long head of triceps 


teres minor 

lateral border 
teres major 


inferior angle 


Posterior surface 

Fig, 9-13, Important muscular and ligamentous at¬ 
tachments to right scapula. 
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subject and marks the level of' the seventh rib and 
the spine of the seventh thoracic vertebra. 

The important muscles and ligaments that are 
attached to the scapula are shown in Figure 9-13. 


HUMERUS _ 

The upper end of the humerus has a head (Fig. 
9-14), which forms about one-third of a sphere and 
articulates with the glenoid cavity of the scapula. 
Immediately below the head is the anatomical 
neck. Below the neck are the greater and lesser tu¬ 
berosities, separated from each other by the bicipi¬ 
tal groove. Where the upper end of the humerus 
joins the shaft, there is a narrow surgical neck. 
About halfway down the lateral aspect of the shaft, 
there is a roughened elevation, called the deltoid 
tuberosity. Behind and below the tuberosity is a spi¬ 
ral groove, which accommodates the radial nerve 
(Fig. 9-14). 

The lower end of the humerus possesses the me¬ 
dial and lateral epicondyles for the attachment of 
muscles and ligaments; the rounded capitulum for 
articulation with the head of the radius; and the 
pulley-shaped trochlea for articulation with the 
trochlear notch of the ulna (Fig. 9-14). Above the 
capitulum is the radial fossa, which receives the 
head of the radius when the elbow is flexed. Above 
the trochlea anteriorly is the coronoid fossa, which 
during the same movement receives the coronoid 
process of the ulna. Above the trochlea posteriorly 
is the olecranon fossa, which receives the olecranon 
process of the ulna when the elbow joint is ex¬ 
tended (Fig. 9-14). 


The Axilla 

The axilla, or armpit, is a pyramid-shaped space 
between the upper part of the arm and the side of 
the chest (Fig. 9-15). It forms an important passage 
for nerves, blood, and lymph vessels as they travel 
from the root of the neck to the upper limb. The 
upper end of the axilla, or apex, is directed into the 
root of the neck and is bounded in front by the cla¬ 
vicle, behind bv the upper border of the scapula, 
and medially by the outer border of the first rib 
(Fig. 9-15). The lower end, or base, is bounded in 
front by the anterior axillary fold (formed by the 
lower border of the pectoralis major muscle), be¬ 


hind by the posterior axillary fold (formed by the 
tendon of latissimus dorsi and the teres major mus¬ 
cle), and medially by the chest wall (Fig. 9-15). 
The walls of the axilla are made up as follows: 

Anterior wall, by the pectoralis major, subclavius, 
and pectoralis minor muscles, the clavipectoral 
fascia, and the suspensory ligament of the axilla 
(Figs. 9-16, 9-17, and 9-19). 

Posterior wcdl, by the subscapularis, latissimus 
dorsi, and teres major muscles from above down 
(Figs. 9-17 through 9-19). 

Medial wall, by the upper four or five ribs and the 
intercostal spaces covered by the serratus ante¬ 
rior muscle (Figs. 9-18 and 9-19). 

Lateral wall, by the coracobrachialis and biceps 
muscles in the bicipital groove of the humerus 
(Figs. 9-18 and 9-19). 

The base is formed by the skin stretching between 
the anterior and posterior walls (Fig. 9-19). 

The axilla contains the principal vessels and nerves 
to the upper limb and many lymph nodes. 


PECTORALIS MAJOR (FIG. 9-16) 

The pectoralis major is a thick triangular muscle. 


Origin 

From the medial half of the clavicle, from the ster¬ 
num, and from the upper six costal cartilages. 


Insertion 

Its fibers converge and are inserted by a bilaminar 
tendon into the lateral lip of the bicipital groove of 
the humerus. 


Nerve Supply 

Medial and lateral pectoral nerves from the medial 
and lateral cords of the brachial plexus. 


Action 

It adducts the arm and rotates it medially; the clav¬ 
icular fibers also flex the arm. 
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Fig. 9-14. Important muscular and ligamentous at¬ 
tachments to right humerus. 
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Fig. 9-15. Inlet, walls, and outlet of right axilla. 
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Fig. 9-16. Pectoral region and axilla. 


Nerve Supply 


SUBCLAVIUS (FIG. 9-18) 

Origin 

From the first costal cartilage. Action 

It depresses the clavicle and steadies this bone dur- 
ing movements of the shoulder girdle. 

Insertion 


The nerve to the subclavius from the upper trunk 
of the brachial plexus. 


Its fibers pass upward and laterally and are in- PECTORALIS MINOR (FIG. 9-17) 

serted into the groove on the inferior surface of the - 

clavicle. The pectoralis minor is a thin triangular muscle. 
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Fig. 9-17. Pectoral region and axilla; pectoralis ma¬ 
jor muscle has been removed to display underlying 
structures. 


Origin 

From the third, fourth, and fifth ribs. 


Insertion 

Its fibers converge td be inserted into the medial 
border of the coracoid process. 


Nerve Supply 

From the medial pectoral nerve, a branch of the 
medial cord of the brachial plexus. 


Action 

It pulls the shoulder downward and forward; if the 
shoulder is fixed, it elevates the ribs of origin. 


CLAVIPECTORAL FASCIA_ 

The clavipectoral fascia is a strong sheet of connec¬ 
tive tissue, which is split above to enclose the sub- 
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Fig. 9-18. Pectoral region and axilla; pectoralis ma¬ 
jor and minor muscles and clavipectoral fascia 
have been removed to display underlying struc¬ 
tures. 
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Hg. 9-19. Various structures that form walls of ax¬ 
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clavius muscle and is attached to the clavicle (Figs. 
9-17 and 9-19). Below', it splits to enclose the pec- 
toralis minor muscle and then continues down¬ 
ward as the suspensory ligament of the axilla and 
joins the fascial floor of the armpit. 


Function 

It protects the contents of the axilla bv filling in the 
interval between the clavicle and the pcctoralis mi¬ 
nor muscle. The suspensory ligament of the axilla 
is responsible for raising the skin of the armpit 
when the clavicle is elevated. 

The clavipectoral fascia is pierced by (1) the ce¬ 
phalic vein in order that it may enter the axillary 
vein; (2) the thoracoacromial artery, a branch of 
the axillarv artery; (3) lymphatic vessels from the 
infraclavicular nodes; and (4) the lateral pectoral 
nerve as it passes to the pectoralis major muscle 
(Fig. 9-17). 


SUBSCAPULARIS (FIGS. 9-18 AND 9-19) 
Origin 

From the subscapular fossa on the anterior surface 
of the scapula. 


Insertion 

Its fibers converge and are inserted on the lesser 
tuberosity of the humerus. 


Nerve Supply 

The upper and lower subscapular nerves, branches 
of the posterior cord of the brachial plexus. 


Action 

Medially rotates the arm and acts with the other 
short muscles around the shoulder joint in helping 
to stabilize this joint. 


LATISSIMUS DORSI (FIGS. 9-17 AND 
9-26) __ 

The latissimus dorsi is a large, flat, triangular mus¬ 
cle that extends over the lumbar region and the 
lower part of the thorax. 


Origin 

From the posterior part of the iliac crest, the lum¬ 
bar fascia, and the spines of the lower six thoracic 
vertebrae (deep to the trapezius), from the lower 
three or four ribs, and sometimes by a few fibers 
f rom the inferior angle of the scapula. 


Insertion 

Its tendon wraps around the lower border of the 
teres major muscle and is inserted into the floor of 
the bicipital groove of the humerus. 


Nerve Supply 

The thoracodorsal nerve, a branch of the posterior 
cord of the brachial plexus. 


Action 

It extends, adducts, and medially rotates the arm. 


TERES MAJOR (FIGS. 9-16 AND 9-19) 

Origin 

From the lower third of the posterior surface of the 
lateral border of the scapula. 


Insertion 

Into the medial lip of the bicipital groove of the 
humerus. 


Nerve Supply 

Lower subscapular nerve from the posterior cord 
of the brachial plexus. 


Action 

It medially rotates and adducts the arm. 


SERRATUS ANTERIOR (FIGS. 9-16 AND 
9-19) 

The serratus anterior is a large, thin muscle that 
covers the lateral chest wall. 
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Origin__ 

From the outer surfaces of the upper eight ribs. 


Insertion 

Into the anterior surface of the medial border of 
the scapula. A great part of this muscle is inserted 
in the region of the inferior angle. 


Nerve Supply 

The lone; thoracic nerve, which arises from roots 
C5, 6, and 7 of the brachial plexus. 


Action 

It draws the scapula forward around the thoracic 
wall and, because of the greater pull exerted on the 
inferior angle, rotates it so that the inferior angle 
passes laterally and forward and the glenoid cavity 
is raised upward and forward; in this action the 
muscle is assisted bv the trapezius. This rotation of 
the scapula takes place when the arm is raised 
from the horizontal abducted position upward to 
a vertical position above the head. This muscle is 
also used when the arm is pushed forward in the 
horizontal position as in a forward punch. 

The biceps brachii and the coracobrachialis mus¬ 
cles are described on pages 453 and 456. 


Contents of the Axilla 

The axilla contains the axillary artery and its 
branches, which supply blood to the upper limb; 
the axillary vein and its tributaries, which drain 
blood from the upper limb; and lvmph vessels and 
lymph nodes, which drain lymph from the upper 
limb and the mammary gland and from the skin 
of the trunk, down as far as the level of the umbili¬ 
cus. Lying among these structures in the axilla is 
an important nerve plexus, the brachial plexus, 
which innervates the upper limb. 


AXILLARY ARTERY 

The axillary artery (Figs. 9-16, 9-17, and 9-18) be¬ 
gins at the lateral border of the first rib as a con¬ 
tinuation of the subclavian (Fig. 9-20), and ends at 
the lower border of the teres major muscle, where 


it continues as the brachial artery. Throughout its 
course, the artery is closely related to the cords of* 
the brachial plexus and their branches and is en¬ 
closed with them in a connective tissue sheath, 
called the axillary sheath. If this sheath is traced 
upward into the root of the neck, it is seen to be 
continuous with the prevertebral fascia. 

The pectoralis minor muscle crosses in front of 
the axillary artery and, for purposes of description, 
is said to divide it into three parts (Figs. 9-17, 9-18, 
and 9-20). 


First Part of the Axillary Artery 

The first part of the axillary artery extends from the 
lateral border of the first rib to the upper border of 
the pectoralis minor (Fig. 9-20). 


Relations 

Anteriorly 

The pectoralis major and the covering fasciae and 
skin. The cephalic vein crosses the artery (Figs. 
9-17 and 9-18). 


Posteriorly 

The long thoracic nerve (nerve to the serratus an¬ 
terior) (Fig. 9-18). 


Laterally 

The three cords of the brachial plexus (Fig. 9-18). 


Medially 

The axillary vein (Fig. 9-18). 


Second Part of the Axillary Artery 

The second part of the axillary artery lies behind 
the pectoralis minor muscle (Fig. 9-20). 


Relations 

Anteriorly 

The pectoralis minor, the pectoralis major, and the 
covering fasciae and skin (Figs. 9-17 and 9-20). 
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first part of axillary artery 



Fig. 9-20. Different parts of axillary artery and its 
branches. Note formation of axillary vein at lower 
border of teres major muscle. 


Posteriorly 

The posterior cord of the brachial plexus and the 
subscapularis muscle (Fig. 9-18). 


Laterally 

The lateral cord of the brachial plexus (Figs. 9-17 
and 9-18). 


Medially 

The medial cord of the brachial plexus and the ax¬ 
illary vein (Figs. 9-18 and 9-22). 


Third Part of the Axillary Artery 

The third part of the axillary artery extends from 
the lower border of the pectoralis minor to the 
lower border of the teres major (Fig. 9-20). 


Relations 

Anteriorly 

The pectoralis major for a short distance; lower 
down the artery is crossed by the medial root of the 
median nerve (Fig. 9-17). 


Posteriorly 

The subscapularis, the latissimus dorsi, and the 
teres major. The axillary and radial nerves also lie 
behind the artery (Fig. 9-18). 
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Laterally 

The coracobrachialis, the biceps, and the humerus. 
The lateral root of the median and the musculo¬ 
cutaneous nerves also lie on the lateral side (Fig. 
9-17). 


Medially 

The ulnar nerve, the axillary vein, and the medial 
cutaneous nerve of the arm (Fig. 9-17). 


Branches 

The branches of the axillary artery supply the tho¬ 
racic wall and the shoulder region. The first part 
of the artery gives off one branch, the second part 
two branches, and the third part three branches 
(Fig. 9-20). 

First Part (1) Highest thoracic artery 

Second Part (1) Thoracoacromial artery 

(2) Lateral thoracic artery 
Third Part (1) Subscapular artery 

(2) Anterior circumflex humeral 
arteiy 

(3) Posterior circumflex humeral 
arteiy 

The highest thoracic arteiy is small and runs 
along the upper border of the pectoralis minor. The 
thoracoacromial arteiy pierces the clavipectoral 
fascia and immediately divides into terminal 
branches. The lateral thoracic arteiy runs along the 
lower border of the pectoralis minor (Fig. 9-20). 
The subscapular artery runs along the lower bor¬ 
der of the subscapularis muscle. The anterior and 
posterior circumflex humeral arteries wind around 
the front and the back of the surgical neck of the 
humerus, respectively (Fig. 9-20). 


AXILLARY VEIN 

The axillary vein (Fig. 9-16) is formed in the region 
of the lower border of the teres major muscle by 
the union of the venae comitantes of the brachial 
artery and the basilic vein (Fig. 9-20). It runs up¬ 
ward on the medial side of the axillary artery and 
ends at the lateral border of the first rib by becom¬ 
ing the subclavian vein. 

The vein receives tributaries, which correspond 


to the branches of the axillary arteiy, and, in ad¬ 
dition, it receives the cephalic vein. 


BRACHIAL PLEXUS 

The nerves entering the upper limb provide the fol¬ 
lowing important functions: (1) sensory innerva¬ 
tion to the skin and deep structures, such as the 
joints; (2) motor innervation to the muscles; (3) in¬ 
fluence over the diameters of the blood vessels by 
the sympathetic vasomotor nerves; and (4) sym¬ 
pathetic secretomotor supply to the sweat glands. 

At the root of the upper limb, the nerves that are 
about to enter the limb come together to form a 
complicated plexus, the brachial plexus . This al¬ 
lows the nerve fibers derived from different seg¬ 
ments of the spinal cord to be arranged and dis¬ 
tributed efficiently in different nerve trunks to the 
various parts of the upper limb. The brachial 
plexus is formed in the posterior triangle of the 
neck by the union of the anterior rami of the fifth, 
sixth, seventh, and eighth cervical and the first tho¬ 
racic spinal nerves (Fig. 9-21 and 9-22). 

The roots , trunks , and divisions of the plexus lie 
in the posterior triangle of the neck and are fully 
described on page 718. The cords of the brachial 
plexus lie in the axilla (Fig. 9-22). 

All three cords of the plexus lie above and lateral 
to the first part of the axillary artery (Figs. 9-18 and 
9-23). The medial cord crosses behind the artery to 
reach the medial side of the second part of the ar¬ 
tery (Fig. 9-23). The posterior cord lies behind the 
second part of the arteiy, and the lateral cord lies 
on the lateral side of the second part of the arteiy 
(Fig. 9-23). Thus the cords of the plexus have the 
relationship to the second part of the axillary artery 
that is indicated by their names. 

The majority of the branches of the cords that 
form the main nerve trunks of the upper limb con¬ 
tinue this relationship to the artery in its third part 
(Fig. 9-23). 

The branches of the different parts of the bra¬ 
chial plexus (Fig. 9-21 and 9-24) are as follows: 

Roots Dorsal scapular nerve (C5) 

Long thoracic nerve (C5, 6, and 7) 
Upper Nerve to subclavius (C5 and 6) 

Trunk Suprascapular nerve (supplies the 

supraspinatus and infraspinatus 
muscles) 
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Fig. 9-21. Roots, trunks, divisions, cords, and ter¬ 
minal branches of brachial plexus. 
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Lateral pectoral nerve 
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Medial cutaneous nerve of arm and 
medial cutaneous nerve of 
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Branches of the Brachial Plexus 
Found in the Axilla 

The nerve to the subclavius (C5 and 6), having de¬ 
scended in front of the trunks of the brachial plexus 
and the subclavian artery in the neck, supplies the 
subclavius muscle (Figs. 9-18, 9-21, and 9-23). It is 
important clinically, since it may give a contribu¬ 
tion (C5) to the phrenic nerve; this branch, when 
present, is referred to as the accessory phrenic 
ner\>e. 

The long thoracic nerve (C5, 6, and 7) arises from 
the roots of the brachial plexus in the neck and en¬ 
ters the axilla bv passing down over the lateral bor¬ 
der of the first rib behind the axillary vessels and 
brachial plexus (Figs. 9-18 and 9-21). It descends 
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Fig. 9-22. The formation of tlie main parts of the 
brachial plexus. Note the location of the different 
parts. 

over the lateral surface of the serratus anterior 
muscle, which it supplies. 

The lateral pectoral neive arises from the lateral 
cord of the brachial plexus, pierces the clavipec- 
toral fascia, and supplies the pectoralis major mus¬ 
cle (Figs. 9-17 and 9-23). 

The musculocutaneous nei've arises from the lat¬ 
eral cord of the brachial plexus, supplies the cora¬ 
cobrachial is muscle, and leaves the axilla by pierc¬ 
ing that muscle (Figs. 9-17 and 9-23). A summary 
diagram of the complete distribution of the mus¬ 
culocutaneous nerve is given on page 533. 

The lateral root of the median nerve is the direct 
continuation of' the lateral cord of the brachial 
plexus (Figs. 9-17 and 9-23). It is joined bv the me¬ 
dial root to form the median nerve trunk, and this 
passes downward on the lateral side of the axillary 


artery. The median nerve gives off no branches in 
the axilla. 

The medial pectoral newe arises from the medial 
cord of the brachial plexus, supplies and pierces 
the pectoralis minor muscle, and supplies the pec¬ 
toralis major muscle (Fig. 9-21). 

The medial cutaneous neive of the arm (Tl) 
arises from the medial cord of the brachial plexus 
(Figs. 9-17 and 9-23) and is joined by the intercos¬ 
tal brachial nerve (lateral cutaneous branch of the 
second intercostal nerve). It supplies the skin on 
the medial side of the arm. 

The medial cutaneous newe of the forearm arises 
from the medial cord of the brachial plexus and 
descends in front of the axillary artery (Fig. 9-23). 

The ulnar nerve (C8 and Tl) arises from the me¬ 
dial cord of the brachial plexus and descends in the 
interval between the axillary arterv and vein (Figs. 
9-17 and 9-23). The ulnar nerve gives off no 
branches in the axilla. A summary diagram of the 
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dorsal scapular nerve 




Fig. 9-23. Relations of brachial plexus and its 
branches to axillary artery and vein. Lower dia¬ 
gram is section through the axilla at level of teres 
major muscle. 
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Fig. 9-24. Distribution of main branches of bra¬ 
chial plexus to different fascial compartments of 
arm and forearm. 


complete distribution of the ulnar nerve is given on 
page 535. 

The medial root of the median nerve arises from 
the medial cord of the brachial plexus and crosses 
in front of the third part of the axillary artery to 
join the lateral root of the median nerve (Figs. 9-17 
and 9-23). A summary diagram of the complete 
distribution of the median nerve is given on page 
533. 

The upper and lower subscapular tietves arise 
from the posterior cord of the brachial plexus and 
supply the upper and lower parts of the subscap- 
ularis muscle. In addition, the lower subscapular 


nerve supplies the teres muscle (Figs. 9-18 and 
9-21). 

The thoracodorsal nen>e arises from the poste¬ 
rior cord of the brachial plexus and runs down¬ 
ward on the subscapularis to reach the latissimus 
dorsi muscle, which it supplies. It accompanies the 
subscapular vessels (Figs. 9-18 and 9-21). 

The axillary nerve is one of the terminal 
branches of the posterior cord of the brachial 
plexus (Figs. 9-18 and 9-21). At the lower border of 
the subscapularis muscle, it turns backward and 
passes through the quadrilatereal space (see p. 
439) in company with the posterior circumflex hu¬ 
meral artery. Having given off a branch to the 
shoulder joint, it divides into anterior and posterior 
branches. (See p. 440.) A summary diagram of the 
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Fig. 9-25. Different groups of lymph nodes in axilla. 

complete distribution of the axillary nerve is given 
on page 529. 

The radial nerve is the direct continuation of the 
posterior cord of the brachial plexus and lies be¬ 
hind the axillary artery. It is the largest branch of 
the brachial plexus (Figs. 9-18, 9-21, and 9-23). Be¬ 
fore leaving the axilla, it gives off branches to the 
long and medial heads of the triceps muscle and 
the posterior cutaneous nerve of the arm (Fig. 
9-17). The latter branch is distributed to the skin 
on the middle of the back of the arm. A summary 
diagram of the complete distribution of the radial 
nerve is given on page 530. 


LYMPH NODES OF THE AXILLA 

The axillary lvmph nodes (20 to 30 in number) 
drain lymphatic vessels from the lateral part of the 
breast, the superficial lymphatic vessels from the 
thoracoabdominal walls above the level of the um¬ 
bilicus, and the vessels from the upper limb. 


The lvmph nodes are arranged in six groups (Fig. 

9-25). 

1. Anterior (pectoral) group. Lying along the lower 
border of the pectoralis minor behind the pec- 
toralis major, these nodes receive lymph vessels 
from the lateral part of the breast and superfi¬ 
cial vessels from the anterolateral abdominal 
wall above the level of the umbilicus. 

2. Posterior (subscapular) gt'oup. Lying in front of 
the subscapularis muscle in association with the 
subscapular vessels, these nodes receive superfi¬ 
cial lymph vessels from the back, down as far as 
the level of the iliac crests. 

3. Lateral group. Lying along the medial side of the 
axillary vein, these nodes receive most of the 
lvmph vessels of the upper limb (except those 
superficial vessels draining the lateral side—see 
infraclavicular nodes below). 

4. Central group. Lying in the center of the axilla in 
the axillary fat, these nodes receive lymph from 
the above three groups. 

5. Infraclavicular (deltopectoral) group. Lying on 


























434 9. The Upper Limb 


the clavipectoral fascia in the deltopectoral tri¬ 
angle, these nodes receive superficial lymph ves¬ 
sels from the lateral side of the hand, forearm, 
and arm; the lymph vessels accompany the ce¬ 
phalic vein. 

6. Apical group. Lying at the apex of the axilla at 
the lateral border of the first rib, these nodes re¬ 
ceive the efferent lymph vessels from all the 
other axillary nodes. 

The apical nodes drain into the subclavian lymph 
trunk. On the left side, this trunk drains into the 
thoracic duct and on the right side, into the right 
lymphatic trunk. Alternatively, the lymph trunks 
may drain directly into one of the large veins at the 
root of the neck. 


THE SUPERFICIAL PART OF THE 
BACK AND THE SCAPULAR 
REGION 

Skin 

The sensory nerve supply to the skin of the back is 
from the posterior rami of the spinal nerves (Fig. 
1-32). The first and eighth cervical nerves do not 
supply the skin, and the posterior rami of the upper 
three lumbar nerves run downward to supply the 
skin over the buttock. 

The blood supply to the skin is from the posterior 
branches of the posterior intercostal arteries and 
the lumbar arteries. The veins correspond to the 
arteries and drain into the azygos veins and the in¬ 
ferior vena cava. 

The lymphatic drainage of the skin and superfi¬ 
cial fascia of the back above the level of the iliac 
crests is upward into the posterior or subscapular 
group of axillary lymph nodes. 


Muscles 

TRAPEZIUS (FIG. 9-27) 

The trapezius is a large, flat triangular muscle that 
extends over the back of the neck and thorax. 


Origin 

From the medial third of the superior nuchal line 
of the occipital bone (Fig. 9-26) , the external occip¬ 
ital protuberance, and the ligamentum nuchae; 


from the spine of the seventh cervical vertebra and 
the spines and supraspinous ligaments of all the 
thoracic vertebrae. 


Insertion 

The upper fibers are directed downward and lat¬ 
erally into the lateral third of the clavicle; the mid¬ 
dle fibers are directed horizontally into the acro¬ 
mion process and the upper border of the spine of 
the scapula; the lowest fibers are directed upward 
and laterally and are inserted on the medial end of 
the spine of the scapula. 


Nerve Supply 

Motor fibers from the spinal part of the accessory 
nerve and sensory fibers from the third and fourth 
cervical nerves. 


Action 

The trapezius muscle suspends the shoulder girdle 
from the skull and the vertebral column. The upper 
fibers elevate the scapula. The middle fibers pull 
the scapula medially. The lower fibers pull the me¬ 
dial border of the scapula downward so that the 
glenoid cavity faces upward and forward. 

Knowing that the scapula rotates around the 
point of attachment of the coracoid process to the 
clavicle by the coracoclavicular ligament , it is easy 
to understand that the superior and inferior fibers 
of the trapezius assist the serratus anterior muscle 
in rotating the scapula when the arm is raised 
above the head (Fig. 9-33). 


LATISSIMUS DORSI (FIG. 9-27)_ 

The latissimus dorsi is a large, flat, triangular mus¬ 
cle that extends over the lumbar region and the 
lower part of the thorax. The latissimus dorsi mus¬ 
cle is considered on page 425. 


LEVATOR SCAPULAE (FIGS. 9-27 AND 
9-28) _ 

Origin 

From the transverse processes of the upper four 
cervical vertebrae. 
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Fig. 9-26. Bones of the back. 
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greater occipital nerve 


semispinalis capitis 


splenius capitis 

levator scapulae 
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supraspinatus 
infraspinatus 

deltoid 


teres minor 
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posterior rami of cervical nerves 
rhomboid minor 

rhomboid major 

infraspinatus 
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postvertebral 
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Fig. 9-27. Superficial and deep muscles of the back. 
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dorsal scapular nerve 

deep branch of superficial cervical artery 
suprascapular nerve and artery 

’ suprascapular ligament supraspinatus tendon 


levator scapulae 
supraspinatus 
rhomboid minor 


rhomboid major 

infraspinatus 

circumflex scapular artery 

latissimus dorsi 


infraspinatus 

teres minor 
axi1lary nerve 

deltoid 



upper lateral cutaneous 
nerve of arm 

posterior circumflex 
humeral artery 

radial nerve 

profunda artery 

lateral head of triceps 


long head of triceps 


Fig. 9-28. Muscles, nerves, and blood vessels of scap¬ 
ular region. Note close relationship of axillary 
nerve to shoulder joint. 


Insertion 

Into the medial border of the scapula opposite the 
supraspinous fossa. 

Nerve Supply 

From the third and fourth cervical nerves and from 
the dorsal scapular nerve (C5). 


Action 

It raises the medial border of the scapula. When it 
acts in conjunctiuon with the middle fibers of the 


trapezius and with the rhomboids, it pulls the 
scapula medially and upward, i.e., braces the 
shoulder backward. 


RHOMBOID MINOR (FIGS. 9-27 AND 
9-28) 

Origin 

From the lower part of the ligamentum nuchae 
and the spines of the seventh cervical and first tho¬ 
racic vertebrae. 


Insertion 

Into the medial border of the scapula opposite the 
root of the spine. 
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Nerve Supply 

From the dorsal scapular nerve (C5). 


Action 

With the rhomboid major and levator scapulae, it 
elevates the medial border of the scapula and pulls 
it medially. 


RHOMBOID MAJOR (FIGS. 9-27 AND 
9-28) 

Origin 

From the second to the fifth thoracic spines and the 
corresponding supraspinous ligaments. 


Insertion 

Into the medial border of the scapula opposite the 
infraspinous fossa. 


Nerve Supply 

From the dorsal scapular nerve (C5). 


Action 

With the rhomboid minor and levator scapulae, it 
elevates the medial border of the scapula and pulls 
it medially. 


DELTOID (FIGS. 9-16, 9-27, AND 9-28) 

The deltoid muscle is thick and triangular in shape 
and covers the shoulder joint. It forms the rounded 
contour of the shoulder. 


Origin 

Anterior fibers arise from the lateral third of the 
anterior border of the clavicle. Middle fibers arise 
from the lateral border of the acromion process. 
Posterior fibers arise from the lower border of the 
spine of the scapula. 


Insertion 

Its fibers converge to be inserted into the deltoid 
tuberosity, on the middle of the lateral surface of 
the shaft of the humerus. 


Nerve Supply 

From the axillary nerve (C5 and 6). 


Action 

With the help of the supraspinatus muscle, the del¬ 
toid abducts the upper limb at the shoulder joint. 
The main effort is undertaken by the strong mul- 
tipennate middle (acromial) fibers; the weaker an¬ 
terior and posterior fibers serve as stays and pre¬ 
vent the arm from swaying forward or backward. 
Note that for every 3 degrees of abduction of the 
arm, a 2-degree abduction occurs in the shoulder 
joint and 1 degree occurs by rotation of the scapula. 
At about 120 degrees of abduction the greater tu¬ 
berosity of the humerus hits the lateral edge of the 
acromion process. Elevation of the arm above the 
head is accomplished bv rotating the scapula. This 
is brought about by the contraction of the trapezius 
and serratus anterior muscles. 

In addition, the anterior fibers of the deltoid can 
flex and medially rotate the arm, and the posterior 
fibers can extend and laterally rotate the arm. 


SUPRASPINATUS (FIGS. 9-27 AND 9-28) 
Origin 

o _ 

From the supraspinous fossa of the scapula. 


Insertion 

Into the upper facet of the greater tuberosity of the 
humerus and into the capsule of the shoulder joint. 


Nerve Supply 
Suprascapular nerve. 
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Action 

It assists the deltoid muscle in the movement of 
abduction of the arm at the shoulder joint by fixing 
the head of the humerus against the glenoid cavity. 


INFRASPINATUS (FIGS. 9-27 AND 9-28) 
Origin 

_ O _ 

From the infraspinous fossa of the scapula. 


Insertion 

Into the middle facet of the greater tuberosity of 
the humerus and into the capsule of the shoulder 
joint. 


Nerve Supply 
Suprascapular nerve. 


Action 

It laterally rotates the arm and stabilizes the shoul¬ 
der joint. 

TERES MINOR (FIGS. 9-27 AND 9-28)_ 

Origin 

From the upper two-thirds of the posterior surface 
of the lateral border of the scapula. 


Insertion 

Into the lower facet of the greater tuberosity of the 
humerus and into the capsule of the shoulder joint. 


Nerve Supply 

A branch of the axillary nerve. 


Action 

It laterally rotates the arm and stabilizes the shoul¬ 
der joint. 


TERES MAJOR (FIGS. 9-19, 9-27, AND 
9-28) _ 

The teres major is considered on page 425. 

SUBSCAPULARIS (FIGS. 9-18 AND 9-19) 

The subscapularis muscle is considered on page 
425. 


Rotator Cuff 

The four muscles, the supraspinatus, the infraspi¬ 
natus, the teres minor, and the subscapularis form 
what is termed the rotator cuff. The tone of these 
muscles assists in holding the head of the humerus 
in the glenoid cavity of the scapula during move¬ 
ments at the shoulder joint. Therefore, they assist 
in stabilizing the shoulder joint. Note that the cuff 
lies on the anterior, superior, and posterior aspects 
of the joint. The cuff is deficient inferiorly and this 
is a site of potential weakness. 

Anatomical Spaces 

Two potential intermuscular spaces, the quadri¬ 
lateral and triangular spaces, are found in the 
shoulder region. 


Quadrilateral Space 

The quadrilateral space is bounded above by the 
subscapularis in front and the teres minor behind, 
and between these two muscles is the capsule of 
the shoulder joint. It is bounded below by the teres 
major muscle. The space is bounded medially by 
the long head of the triceps and laterally by the 
surgical neck of the humerus. 

The axillary nerve and the posterior circumflex 
humeral vessels pass backward through this space 
(Fig. 9-28). 


Triangular Space 

The triangular space is bounded above bv the teres 
minor, below by the teres major, and laterally by 
the long head of the triceps muscle (Fig. 9-28). 

The circumflex scapular artery, a branch of the 
subscapular artery, passes backward through this 
space to enter the infraspinous fossa. 
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Spiiicil Part of the Accessoiy Nerve 

The spinal part of the accessory nerve runs down¬ 
ward in the posterior triangle of the neck on the 
levator scapulae muscle. It is accompanied bv 
branches from the anterior rami of' the third and 
fourth cerrical nerves. The accessoiy nerve runs be¬ 
neath the anterior border of the trapezius muscle 
(Fig. 9-27) at the junction of its middle and lower 
thirds, and together with the cerrical nerves, sup¬ 
plies the trapezius muscle. 


Suprascapular Nerve 

The suprascapular nerve arises from the upper 
trunk of the brachial plexus (C5 and 6) in the pos¬ 
terior triangle in the neck. It runs downward and 
laterally and passes beneath the suprascapular lig¬ 
ament , which bridges the suprascapular notch, to 
reach the supraspinous fossa (Fig. 9-28). It supplies 
the supraspinatus and infraspinatus muscles and 
the shoulder joint. 


Axillary Nerve 

The axillary nerve arises from the posterior cord of 
the brachial plexus (C5 and 6) in the axilla. (See p. 
432.) It passes backward around the lower border 
of the subscapularis muscle and enters the quad¬ 
rilateral space with the posterior circumflex hu¬ 
meral artery (Fig. 9-28). As the nerve passes 
through the space, it comes into close relationship 
with the inferior aspect of the capsule of the shoul¬ 
der joint and with the medial side of the surgical 
neck of the humerus. It terminates by dividing into 
anterior and posterior branches (Fig. 9-28). 


Branches 

The axillary nerve has the following branches: 

1. An articular branch to the shoulder joint. 

2. An anterior terminal branch , which winds 
around the surgical neck of the humerus be¬ 
neath the deltoid muscle; it supplies the deltoid 
and the skin that covers its lower part. 

3. A posterior terminal branch , which gives off a 
branch to the teres minor muscle and a few 
branches to the deltoid, then emerges from the 
posterior border of the deltoid as the superior or 


upper lateral cutaneous nerve of the arm (Fig. 
9-28). 

It is thus seen that the axillary nerve supplies the 
shoulder joint, two muscles, and the skin covering 
the lower half of the deltoid muscle. 


The Arterial Anastomosis Around 
the Shoulder Joint 

The extreme mobility of the shoulder joint may re¬ 
sult in kinking of the axillary artery and a tempo- 
rarv occlusion of its lumen. To compensate for this, 
an important arterial anastomosis exists between 
the branches of the first part of the subclavian ar¬ 
tery and the third part of the axillary artery, thus 
ensuring that an adequate blood flow takes place 
into the upper limb irrespective of the position of 
the arm (Fig. 9-29). 


Branches from the Subclavian Artery 

1. The suprascapular artery , which is distributed 
to both the supraspinous and infraspinous fossae 
of the scapula. 

2. The superfcial cervical artery , which gives off' a 
deep branch that runs down the medial border 
of the scapula in company with the dorsal scap¬ 
ular nerve. 


Branches from the Axillary Artery 

1. The subscapular artery and its circumflex scap¬ 
ular branch supply the subscapular and infra¬ 
spinous fossae of the scapula, respectively. 

2. The anterior circumflex humeral artery. 

3. The posterior circumflex humeral artery 

Both the circumflex arteries form an anastomos¬ 
ing circle around the surgical neck of the humerus 
(Fig. 9-29). 

Sternoclavicular Joint (Fig. 9-30) 

Articulation 

I his occurs between the sternal end of the clavicle, 
the manubrium sterni, and the first costal carti- 
lage. 
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thyrocervical trunk 



Fig* 9-29. Arteries that take part in anastomosis 
around shoulder joint. 
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capsule and anterior sternoclavicular ligament 
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Typ e 

It is a synovial, double plane joint. 


Capsule 

This surrounds the joint and is attached to the mar¬ 
gins of the articular surfaces. 


Ligaments 

The capsule is reinforced in front of and behind the 
joint bv the strong sternoclavicular ligaments. 

The articular disc of the sternoclavicular joint is 
a flat fibrocartilaginous disc, which lies within the 
joint and divides the joint’s interior into two com¬ 
partments (Fig. 9-30). Its circumference is at¬ 
tached to the interior of the capsule, but it is also 
strongly attached to the superior margin of the ar¬ 
ticular surface of the clavicle above and to the first 
costal cartilage below. 

o 


Accessory Ligament 

The costoclavicular ligament is a strong ligament, 
which runs from the junction of the first rib with 
the first costal cartilage to the inferior surface of 
the sternal end of the clavicle (Fig. 9-30). 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the cartilage covering the articular surfaces. 


Nerve Supply 

The supraclavicular nerve and the nerve to the sub- 
clavius muscle. 


Movements 

Forward and backward movement of the clavicle 
takes place in the medial compartment. Elevation 
and depression of the clavicle takes place in the lat¬ 
eral compartment. 


Muscles Producing Movement 

The forward movement of the clavicle is produced 
bv the serratus anterior muscle. The backward 


movement is produced by the trapezius and rhom¬ 
boid muscles. Elevation of the clavicle is produced 
by the trapezius, sternocleidomastoid, levator 
scapulae, and rhomboid muscles. Depression of the 
clavicle is produced by the pectoralis minor and the 
subclavius muscles. 


Important Relations 
Anteriorly 

The skin and some fibers of the sternocleidomas¬ 
toid and pectoralis major muscles. 


Posteriorly 

The sternohyoid muscle; on the right, the brachi¬ 
ocephalic artery; on the left, the left brachioce¬ 
phalic vein and the left common carotid artery. 


Acromioclavicular Joint (Fig. 9-30) 

Articulation 

This occurs between the acromion process of the 
scapula and the lateral end of the clavicle. 


Type 

This is a synovial plane joint. 


Capsule 

This surrounds the joint and is attached to the mar¬ 
gins of the articular surfaces. 


Ligaments 

Superior and itiferior acromioclavicular ligaments 
reinforce the capsule; from the capsule, a wedge- 
shaped fibrocartilaginous disc projects into the 
joint cavity from above (Fig. 9-30). 


Accessory Ligament 

The very strong coracoclavicular ligament extends 
from the coracoid process to the undersurface of 
the clavicle (Fig. 9-30). It is largely responsible for 
suspending the weight of the'scapula and the up¬ 
per limb from the clavicle. 
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Synovial Membrane_ 

This lines the capsule and is attached to the mar¬ 
gins of'the cartilage covering the articular surfaces. 


Nerve Supply 

The suprascapular nerve. 


Movements 

A gliding movement takes place when the scapula 
rotates, or when the clavicle is elevated or de¬ 
pressed. 


Important Relations 

Anteriorly 

The deltoid muscle. 


Posteriorly 

The trapezius muscle. 


Superiorly 
The skin. 


Shoulder Joint (Fig. 9-31) 

Articulation 

This occurs between the rounded head of the hu¬ 
merus and the shallow, pear-shaped glenoid cavity 
of the scapula. The articular surfaces are covered 
bv hyaline articular cartilage, and the glenoid cav¬ 
ity is deepened bv the presence of a fibrooartilagi- 
nous rim called the glenoid labrum (Figs. 9-31 and 
9-32). 


Type 

It is a synovial ball-and-socket joint. 


Capsule 

This surrounds the joint and is attached medially 
to the margin of the glenoid cavity outside the la¬ 
brum; laterally, it is attached to the anatomical 


neck of the humerus, extending downward onto 
the medial side of the shaft for a short distance 
(Fig. 9-32). 

The capsule is thin and lax, allowing a wide 
range of movement. It is strengthened by fibrous 
slips from the tendons of the subscapularis, su- 
praspinatus, infraspinatus, and teres minor mus¬ 
cles (the rotator cuff muscles). 


Ligaments 

The glenohumeral ligaments are three weak bands 
of fibrous tissue that strengthen the front of the 
capsule. 

The transverse humeral ligament strengthens the 
capsule and bridges the gap between the two tu¬ 
berosities (Fig. 9-31). 

The coracohumeral ligament strengthens the 
capsule above and stretches from the root of the 
coracoid process to the greater tuberosity of the hu¬ 
merus (Fig. 9-31). 


Accessory Ligaments 

The coracoacromial ligament extends between the 
coracoid process and the acromion. Its function is 
to protect the superior aspect of the joint (Fig. 
9-31). 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the cartilage covering the articular surfaces 
(Figs. 9-31 and 9-32). It surrounds the tendon of 
the biceps and extends beyond the transverse hu¬ 
meral ligament for a short distance as a tubular 
sheath around the tendon of the long head of the 
biceps brachii. It protrudes forward through the 
anterior wall of the capsule to form a bursa, which 
lies beneath the subscapularis muscle (Fig. 9-31). 


Nerve Supply 

The axillary and suprascapular nerves. 


Movements 

The shoulder joint has a wide range of movement, 
and the stability of the joint has been sacrificed to 
permit this. (Compare with the hip joint, which is 
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Fig. 9-31. Shoulder joint, showing its relations. (A) 
Anterior view and (B) sagittal section. 
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Fig. 9-32. Interior of shoulder joint. 
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stable, but limited in its movements.) The strength 
of the joint depends on the tone of the short rotator 
cuff muscles that cross in front, above, and behind 
the joint, namely, the subscapularis, supraspinatus, 
infraspinatus, and teres minor. When the joint is 
abducted, the lower surface of the head of the hu¬ 
merus is supported by the long head of the triceps, 
which bows downward because of its length and 
gives little actual support to the humerus. In ad¬ 
dition, the inferior part of the capsule is the weak¬ 
est area. 

The following movements are possible: 

Flexion is performed by the anterior fibers of the 
deltoid, pectoralis major, biceps, and coracobra- 
chialis muscles. 

Extension is performed by the posterior fibers of 
the deltoid, latissimus dorsi, and teres major 
muscles. 

Abduction is performed by the middle fibers of the 
deltoid, assisted by the supraspinatus muscle 
(Fig. 9-33). 

Adduction is performed by the pectoralis major, la¬ 
tissimus dorsi, teres major, and teres minor mus¬ 
cles. 

Lateral rotation is performed by the infraspinatus, 
the teres minor, and the posterior fibers of the 
deltoid muscles. 

Medial rotation is performed by the subscapularis, 
latissimus dorsi, and teres major muscles. 
Circumduction is a combination of these move¬ 
ments. 


Important Relations 
Anteriorly 

The subscapularis muscle and the axillary vessels 
and brachial plexus. 


Posteriorly 

The infraspinatus and teres minor muscles. 


Superiorly 

The supraspinatus muscle, subacromial bursa, cor- 
acoacromial ligament, and deltoid muscle. 


Inferiorlv 

The long head of the triceps muscle, the axillary 
nerve, and the posterior circumflex humeral ves¬ 
sels. 

The tendon of the long head of the biceps muscle 
passes through the joint and emerges beneath the 
transverse ligament. 


Muscles—Their Nei've Supply and Action 

Students wishing to review the muscles discussed 
so far should study Tables 9-1, 9-2, and 9-3. 


THE UPPER ARM 
Skin 

The sensory nerve supply (Fig. 9-34) to the skin over 
the point of the shoulder to halfway down the del¬ 
toid muscle is from the supraclavicular nerves (C3 
and 4). The skin over the lower half of the deltoid 
is supplied by the upper lateral cutaneous neive of 
the arm, a branch of the axillary nerve (C5 and 6). 
The skin over the lateral surface of the arm below 
the deltoid is supplied by the lower lateral cuta¬ 
neous nerve of the arm, a branch of the radial nerve 
(C5 and 6). The skin of the armpit and the medial 
side of the arm is supplied by the medial cutaneous 
nerve of the arm (Tl) and the intercostobrachial 
nerves (T2). The skin of the back of the arm (Fig. 
9-34) is supplied bv the posterior cutaneous nerve 
of the arm, a branch of the radial nerve (C8). 

The superficial veins of the arm (Fig. 9-8) lie in 
the superficial fascia. 

The cephalic vein ascends in the superficial fascia 
on the lateral side of the biceps and, on reaching 
the infraclavicular fossa, pierces the clavipectoral 
fascia to drain into the axillary vein. 

The basilic vein ascends in the superficial fascia 
on the medial side of the biceps (Fig. 9-8). Halfway 
up the arm, it pierces the deep fascia and at the 
lower border of the teres major joins the venae 
comitantes of the brachial artery to form the axil¬ 
lary vein. 

The superficial lymphatic vessels draining the su¬ 
perficial tissues of the upper arm pass upward to 
the axilla (Fig. 9-35). Those from the lateral side of 
the arm follow the cephalic vein to the infraclavic¬ 
ular group of nodes; those from the medial side 
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Table 9-1. Muscles Connecting the Upper Limb to the Thoracic Wall 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Pectoralis major 

Clavicle, sternum, 
and upper six 
costal cartilages 

Lateral lip of 

bicipital groove of 
humerus 

Medial and lateral 
pectoral nerves 
from brachial 
plexus 

Adducts arm and 
rotates it medially; 
clavicular fibers 
also flex arm 

Pectoral is minor 

Third, fourth, and 
fifth ribs 

Coracoid process of 
scapula 

Medial pectoral 
nerve from 
brachial plexus 

Depresses point of 
shoulder; if the 
scapula is fixed, it 
elevates the ribs of 
origin 

Subclavius 

First costal cartilage 

Clavicle 

Nerve to subclavius 
from upper trunk 
of brachial plexus 

Depresses the clavicle 
and steadies this 
bone during 
movements of the 
shoulder girdle 

Serratus anterior 

Upper eight ribs 

Medial border and 
inferior angle of 

Long thoracic nerve 

Draws the scapula 
forward around the 


scapula thoracic wall; 

rotates scapula 


Table 9-2. Muscles Connecting the Upper Limb to the Vertebral Column 

Name of muscle Origin Insertion Nerve supply Action 


Trapezius 


Latissimus dorsi 


Levator scapulae 

Rhomboid minor 


Rhomboid major 


Occipital bone, 
ligamentum 
nuchae, spine of 
seventh cervical 
vertebra, spines 
of all thoracic 
vertebrae 

Iliac crest, lumbar 
fascia, spines of 
lower six thoracic 
vertebrae, lower 
three or four ribs, 
and inferior angle 
of scapula 

Transverse processes 
of first four 
cervical vertebrae 

Ligamentum 
nuchae and 
spines of seventh 
cervical and first 
thoracic vertebrae 

Second to fifth 
thoracic spines 


Upper fibers into 
lateral third of 
clavicle; middle 
and lower fibers 
into acromion 
process and spine 
of scapula 

Floor of bicipital 
groove of 
humerus 


Medial border of 
scapula 

Medial border of 
scapula 


Medial border of 
scapula 


Accessory nerve and 
C3 and 4 


Thoracodorsal nerve 


C3 and 4 and dorsal 
scapular nerve 

Dorsal scapular 
nerve 


Dorsal scapular 
nerve 


Upper fibers elevate 
the scapula; 
middle fibers pull 
scapula medially; 
lower fibers pull 
medial border of 
scapula 
downward 
Extends, adducts, 
and medially 
rotates the arm 


Raises medial 

border of scapula 

Raises medial 

border of scapula 
upward and 
medially 

Raises medial 

border of scapula 
upward and 
medially 
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Table 9-3. Muscles Connecting the Scapula to the Humerus 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Deltoid 

Lateral third of 
clavicle, acromion 
process, spine of 
scapula 

Middle of lateral 
surface of shaft of 
humerus 

Axillary nerve 

Abducts arm; 
anterior fibers 
flex and medially 
rotate arm; 
posterior fibers 
extend and 
laterally rotate 
arm 

Supraspinatus 

Supraspinous fossa 
of scapula 

Greater tuberosity 
of humerus; 
capsule of 
shoulder joint 

Suprascapular nerve 

Abducts arm and 
stabilizes 
shoulder joint 

Infraspinatus 

Infraspinous fossa 
of scapula 

Greater tuberosity 
of humerus; 
capsule of 
shoulder joint 

Suprascapular nerve 

Laterally rotates 
arm and 
stabilizes 
shoulder joint 

Teres major 

Lower third lateral 
border of scapula 

Medial lip of 

bicipital groove of 
humerus 

Lower subscapular 
nerve 

Medially rotates and 
adducts arm and 
stabilizes 
shoulder joint 

Teres minor 

Upper two-thirds 
lateral border of 
scapula 

Greater tuberosity 
of humerus; 
capsule of 
shoulder joint 

Axillary nerve 

Laterally rotates 
arm and 
stabilizes 
shoulder joint 

Subscapularis 

Subscapular fossa 

Lesser tuberosity of 
humerus 

Upper and lower 
subscapular 
neiwes 

Medially rotates the 
arm and 
stabilizes the 
shoulder joint 


follow the basilic vein to the lateral group of axil¬ 
lary nodes. 

The deep lymphatic vessels draining the muscles 
and deep structures of the arm drain into the lat¬ 
eral group of axillary nodes. 


Fascial Compartments of the 
Upper Arm 

The upper arm is enclosed in a sheath of deep fas¬ 
cia (Fig. 9-36). Two fascial septa, one on the medial 
and one on the lateral side, extend from this sheath 
and are attached to the medial and lateral supra¬ 
condylar ridges of the humerus, respectively. By 
this means the upper arm is divided into an ante¬ 
rior and a posterior fascial compartment, each 
having its muscles, nerves, and arteries. 


Contents of the Anterior Fascial 
Compartment of the Upper Arm 

Muscles 

Biceps brachii, coracobrachialis, and brachialis 


Blood Supply 
Brachial artery (Fig. 9-37). 


Nerve Supply to the Muscles 
Musculocutaneous nerve. 
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upper lateral 
cutaneous nerve 
of arm 


lower lateral 
cutaneous nerve 
of arm 


lateral 

cutaneous nerve 
of forearm 


superficial branch 
of radial nerve 


palmar 
cutaneous 
branch of 
median nerve 


median nerve 



r^^supraclavicular nerves 


intercostobrachial nerve. 


medial cutaneous 
nerve of arm 


medial cutaneous nerve 
of forearm 


posterior cutaneous branch 
of ulnar nerve 


palmar cutaneous branch 
of ulnar nerve 


ulnar nerve 


upper lateral cutaneous 
nerve of arm 

‘posterior cutaneous 
nerve of arm 


-posterior cutaneous 
nerve of forearm 


-lateral cutaneous 
nerve of forearm 


superficial branch of 
^ radial nerve 


u 


Anterior surface 


Posterior surface 


Fig. 9-34. Cutaneous innervation of the upper limb. 
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musculocutaneous nerve 



deep fascia 


long head of triceps 


eral intermuscular septum 


medial head of triceps 


lateral head of triceps 


profunda artery 
radial nerve 


biceps brachii 


venae comitantes 

brachial artery 
median nerve 


medial cutaneous nerve 
of forearm 
basilic ve 


medial 

intermuscular septum 




-til 


ulnar nerve 


superior ulnar 
collateral artery 


skin 


humerus 


Fig. 9-36. Cross section of upper arm just below 
level of insertion of deltoid muscle. Note division of 
arm by humerus and medial and lateral intermus¬ 
cular septa into anterior and posterior compart¬ 
ments. 


Insertion 


Structures Passing Through 
the Compartment 

Musculocutaneous, median, and ulnar nerves; bra¬ 
chial artery and basilic vein. The radial nerve is 
present in the lower part of the compartment. 


BICEPS BRACHII (FIG. 9-38)_ 

Origin 

The long head from the supraglenoid tubercle of 
the scapula; the short head from the tip of the cor¬ 
acoid process of the scapula. 

The tendon of the long head crosses the humeral 
head within the capsule of the shoulder joint and 
emerges from the joint in the bicipital groove of the 
humerus. It is joined in the middle of the upper 
arm by the short head. 


Into the posterior part of the tuberosity of the ra¬ 
dius, and bv an aponeurotic band called the bicip¬ 
ital aponeurosis, into the deep fascia on the medial 
aspect of the forearm. The aponeurosis protects 
underlying structures present in the cubital fossa. 


Nerve Supply 
Musculocutaneous nerve. 


Action 

The biceps is a strong supinator of the forearm. 
Corkscrews and the threads of screws are designed 
to make use of this powerful supinator action in 
twisting the corkscrew into the cork or driving the 
screw into wood with a screwdriver. The biceps 
also is a powerful flexor of the elbow joint and a 
weak flexor of the shoulder joint. 
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Fig. 9-37. The main arteries of the upper limb. 


Fig. 9-38. Anterior view of upper arm. Middle por¬ 
tion of biceps brachii has been removed to show 
musculocutaneous nerve lying in front of bra- 
chialis. 
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trapezius 
clavicle 


deltoid 

short head of biceps 

long head of biceps 

coracobrachial is - 

median nerve 

brachial artery 

brachialis 
musculocutaneous nerve 

brachioradialis 

extensor carpi radialis longus 


biceps tendon 
radial artery 

ulnar artery 



sternocleidomastoi d 


pectoral is major 


medial intermuscular septum 


pronator teres 

flexor carpi radialis 
palmaris longus 

bicipital aponeurosis 


flexor carpi ulnaris 
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CORACOBRACHIALIS (FIGS. 

9-38 AND 9-39) _ 

Origin 

From the tip of the coracoid process. 


Insertion 

Into the middle of the medial side of the shaft of 
the humerus. 


Nerve Supply 
Musculocutaneous nerve. 


Action 

It flexes the arm and is also a weak adductor. 


BRACHIALIS (FIGS. 9-38 AND 9-39) 

Origin 

From the front of the lower half of the humerus. 


Insertion 

Into the anterior surface of the coronoid process of 
the ulna. 


Nerve Supply 

Musculocutaneous nerve. A small part of the mus¬ 
cle that arises behind the deltoid tuberosity, and is 
therefore located in the posterior compartment, is 
supplied by the radial nerve. 


Action 

It is a strong flexor of the elbow joint. 


BRACHIAL ARTERY 

The brachial artery (Figs. 9-37 and 9-38) begins at 
the lower border of the teres major muscle as a 
continuation of the axillary artery. It provides the 
main arterial supply to the arm. (Fig. 9-37). It ter¬ 
minates opposite the neck of the radius bv dividing 
into the radial and ulnar arteries. 


Relations 

Anteriorly 

The vessel is superficial and is overlapped from the 
lateral side by the coracobrachialis and biceps. The 
medial cutaneous nerve of the forearm lies in front 
of the upper part; the median nerve crosses its mid¬ 
dle part; and the bicipital aponeurosis crosses its 
lower part (Fig. 9-38). 


Posteriorly 

The artery lies on the triceps, the coracobrachialis 
insertion, and the brachialis (Fig. 9-38). 


Mediallv 

The ulnar nerve and the basilic vein in the upper 
part of the arm; in the lower part of the arm, the 
median nerve lies on its medial side (Fig. 9-38). 


Laterallv 

The median nerve and the coracobrachialis and bi¬ 
ceps muscles above; the tendon of the biceps lies 
lateral to the artery in the lower part of its course 
(Fig. 9-38). 


Branches 

1. Muscular branches to the anterior compartment 
of the upper arm. 

2. The nutrient artery to the humerus. 

3. The profunda arteiy arises near the beginning of 
the brachial arterv and follows the radial nerve 
(Fig. 9-40). 

4. The superior ulnar collateral artery arises near 
the middle of the upper arm and follows the ul¬ 
nar nerve (Fig. 9-40). 

5. The inferior ulnar collateral arteiy arises near 
the termination of the artery and takes part in 
the anastomosis around the elbow joint (Fig. 9- 
40). 


Fig. 9-39. Anterior new of upper arm, showing in¬ 
sertion of deltoid and origin and insertion of bra¬ 
chialis. 
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MUSCULOCUTANEOUS NERVE 

The origin of the musculocutaneous nerve from the 
lateral cord of the brachial plexus (C5, 6, and 7) in 
the axilla is described on page 430. It runs down¬ 
ward and laterally, pierces the coracobrachial is 
muscle (Fig. 9-18) and then passes downward be¬ 
tween the biceps and brachialis muscles (Fig. 9- 
38). It appears at the lateral margin of the biceps 
tendon and pierces the deep fascia just above the 
elbow. It runs down the lateral aspect of the fore¬ 
arm as the lateral cutaneous nerve of the forearm 
(Fig. 9-34). 


Branches (Fig. 9-79) 

1. Muscular branches to the biceps, coracobra- 
chialis, and brachialis. 

2. Cutaneous branches. The lateral cutaneous nerve 
of the forearm supplies the skin of the front and 
lateral aspect of the forearm down as far as the 
root of the thumb. 

3. Articular branches to the elbow joint. 


MEDIAN NERVE 

The origin of the median nerve from the medial 
and lateral cords of the brachial plexus in the axilla 
is described on page 430. It runs downward on the 
lateral side of the brachial artery (Fig. 9-38). Half¬ 
way down the upper arm, it crosses the brachial 
artery and continues downward on its medial side. 

The nerve, like the artery, is therefore superficial, 
but at the elbow it is crossed by the bicipital apo¬ 
neurosis. The further course of this nerve is de¬ 
scribed on page 476. 

The median nerve has no branches in the upper 
arm (Fig. 9-79), except for a small vasomotor nerve 
to the brachial artery. 


ULNAR NERVE_ 

The origin of the ulnar nerve from the medial cord 
of the brachial plexus in the axilla is described on 
page 430. It runs downward on the medial side of 
the brachial artery as far as the middle of the arm 
(Fig. 9-38). Here, at the insertion of the coraco- 
brachialis, the nerve pierces the medial fascial sep¬ 
tum, accompanied by the superior ulnar collateral 


artery, and enters the posterior compartment of 
the arm. (See p. 463.) 

The ulnar nerve has no branches in the anterior 
compartment of the upper arm (Fig. 7-81). 


RADIAL NERVE 

On leaving the axilla, the radial nerve immediately 
enters the posterior compartment of the arm and 
only enters the anterior compartment just above 
the lateral epicondyle. 


Contents of the Posterior Fascial 
Compartment of the Upper Arm 

Muscle 

The three heads of the triceps muscle. 


Nerve Supply to the Muscle 
Radial nerve. 


Blood Supply 

Profunda brachii and ulnar collateral arteries. 


Structures Passing Through 
the Compartment 

Radial nerve and ulnar nerve. 


TRICEPS (FIG. 9-41) 

The triceps is a large muscle that forms the greater 
part of the substance of the back of the arm. 


Origin 

Long head from the infraglenoid tubercle of the 
scapula; lateral head from the upper half of the 
posterior surface of the shaft of the humerus above 
the spiral groove; medial head from the posterior 
surface of the lower half of the shaft of the humer¬ 
us below the spiral groove. 


Insertion 

The common tendon is inserted into the upper sur¬ 
face of the olecranon process of the ulna. 
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musculocutaneous nerve 


biceps brachii 


brachioradialis 


radial nerve 

extensor carpi 
radial is longus 

supinator 

deep branch 
of radial nerve 

extensor carpi 
radial is brevis 

superficial branch of 
radial nerve 


radial artery 
ulnar artery 



brachialis 

brachial artery 
median nerve 


biceps tendon 


medial epicondyle 


humeral head of pronator teres 


bicipital aponeurosis 
ulnar head of pronator teres 

flexor carpi radial is 
- palmaris longus 

flexor carpi ulnaris 


Fig. 9-42. Right cubital fossa. 
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Table- 9-4. Muscles of the Arm 


Name of' muscle 

Origin 

Insertion 

Nerve supply 

Action 

ANTER1C )R COMPARTMENT 





Biceps brachii 

Long head 

Supraglenoid 
tubercle of 
scapula 

Tuberosity of radius 

Musculocutaneous 

nerve 

Supinator of 
forearm and 
flexor of elbow 
joint; weak flexor 
of shoulder joint 

Short head 

Coracobrachial is 

Coracoid process of 
scapula 

Coracoid process of 
scapula 

Medial aspect of 
shaft of humerus 

Musculocutaneous 

nerve 

Flexes arm and also 
weak adductor 

Brachialis 

Front of lower half 
of humerus 

Coronoid process of 
ulna 

Musculocutaneous 

nerve 

Flexor of elbow joint 

POSTERIOR COMPARTMENT 




Triceps 

Long head 

Lateral head 

Infraglenoid 
tubercle of 
scapula 

Upper half of 
posterior surface 
of shaft of 
humerus 

Olecranon process 
of ulna 

Radial nerve 

Extensor of the 
elbow joint 

Medial head 

Lower half of 
posterior surface 
of shah of 
humerus 





Nerve Supply 

Radial nerve. 


Action 

This muscle is a strong extensor of the elbow joint. 


RADIAL NERVE 

The origin of the radial nerve from the posterior 
cord of the brachial plexus in the axilla is described 
on page 433. The nerve winds around the back of 
the arm, first between the long and medial heads 
of triceps, then in the spiral groove on the back of 
the humerus, between the lateral and medial heads 
of the triceps (Fig. 9-41). It pierces the lateral fas¬ 
cial septum above the elbow and continues down¬ 


ward into the cubital fossa, between the brachialis 
and the brachioradialis muscles (Fig. 9-42). In the 
spiral groove the nerve is accompanied by the pro¬ 
funda vessels, and it lies directly in contact with the 
shaft of the humerus (Fig. 9-41). 


Branches (Fig. 9-77) 

Branches in the axilla. Branches are given to the 
long and medial heads of the triceps, and the 
posterior cutaneous nerve of the arm is given off. 

Branches in the spiral groove (Fig. 9-41). Branches 
are given to the lateral and medial heads of tri¬ 
ceps and to the anconeus. The lower lateral cu¬ 
taneous nerve of the arm supplies the skin over 
the lateral and anterior aspects of the lower part 
of the arm. The posterior cutaneous nerve of the 
forearm runs down the middle of the back of the 
forearm as far as the wrist. 
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Branches in the anterior compartment of the arm. 
After the nerve has pierced the lateral fascial 
septum, it gives branches to the brachialis, bra- 
chioradialis, and the extensor carpi radialis lon- 
gus muscles (Fig. 9-42). It also gives articular 
branches to the elbow joint. 


ULNAR NERVE 

Having pierced the medial fascial septum halfway 
down the upper arm (see p. 459), the ulnar nerve 
descends behind the septum, covered posteriorly by 
the medial head of the triceps. The nerve is accom¬ 
panied by the superior ulnar collateral vessels. At 
the elbow, it lies behind the medial epicondyle of 
the humerus (Fig. 9-41) on the medial ligament of 
the elbow joint. It continues downward to enter the 
forearm between the two heads of origin of the 
flexor carpi ulnaris. (See p. 477.) 


Branches (Fig. 9-81) 

The ulnar nerve has an articular branch to the el¬ 
bow joint. 


PROFUNDA BRACHII ARTERY 

The profunda brachii artery arises from the bra¬ 
chial artery near its origin (Fig. 9-40). It accom¬ 
panies the radial nerve through the spiral groove, 
supplies the triceps muscle, and takes part in the 
anastomosis around the elbow joint. 


SUPERIOR AND INFERIOR ULNAR 
COLLATERAL ARTERIES 

The superior and inferior ulnar collateral arteries 
arise from the brachial artery and take part in the 
anastomosis around the elbow joint. 


Muscles—Their Nerve Supply and Action 

Students wishing to review the muscles of the arm 
should study Table 9-4. 


THE CUBITAL FOSSA_ 

The cubital fossa is a depression that lies in front 
of the elbow and is triangular in shape (Figs. 9-6 
and 9-42). It has the following boundaries: 


Laterally 

The brachioradialis muscle. 


Medially 

The pronator teres muscle. 

The base of the triangle is formed bv an imagi¬ 
nary line drawn between the two epicondyles of the 
humerus. 

The floor of the fossa is formed by the supinator 
muscle laterally and the brachialis muscle medi¬ 
ally. 

The roof is formed by skin and fascia and is rein¬ 
forced by the bicipital aponeurosis. 

The cubital fossa (Fig. 9-42) contains the follow¬ 
ing structures, enumerated from the medial to the 
lateral side: the median nerve; the bifurcation of 
the brachial artery into the ulnar and radial arter¬ 
ies; the tendon of the biceps muscle; and the radial 
nerve and its deep branch. 

The supratrochlear lymph node lies in the super¬ 
ficial fascia over the upper part of the fossa, above 
the trochlea (Fig. 9-35). It receives afferent lym¬ 
phatic vessels from the third, fourth, and fifth fin¬ 
gers, the medial part of the hand, and the medial 
side of the forearm. The efferent lymphatic vessels 
pass up to the axilla and enter the lateral axillary 
group of nodes (Fig. 9-35). 


Bones of the Forearm 

The forearm contains two bones, the radius and 
the ulna. 


RADIUS 

The radius is the lateral bone of the forearm (Fig. 
9-43). Its upper end articulates with the humerus 
at the elbow joint and with the ulna at the superior 
radioulnar joint. Its lower end articulates with the 
scaphoid and lunate bones of the carpus at the 
wrist joint, and with the ulna at the inferior ra¬ 
dioulnar joint. 

At the upper end of the radius is the small cir¬ 
cular head (Fig. 9-43). The upper surface of the 
head is concave and articulates with the convex 
capitulum of the humerus. The circumference of 
the head articulates with the radial notch of the 
ulna. Below the head, the bone is constricted to 
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olecranon process 

radial notch of ulna 

head 
neck 

bicipital tuberosity 

biceps brachii -p& 

oblique cord 
supinator 


flexor digitorum 
superficial is 


pronator teres 

flexor pol1icis 
longus 


pronator quadratus 


brachioradial is 
styloid process 



capsule of elbow joint 


coronoid process 

brachial is 
pronator teres 

flexor pollicis longus 

aponeurosis for extensor 
and flexor carpi ulnaris 


flexor digitorum 

profundus 


extensor pollicis longus 


triceps 


interosseous membrane 


extensor indicis 


aperture for anterior 
interosseous artery 


anconeus 


styloid process 
capsule of wrist joint 


biceps 


supinator 



abductor pol1icis 
1ongus 


extensor pol1icis 
brevis 


dorsal tubercle of 
radius 


Anterior surface Posterior surface 


Tig. 9-43. Important muscular and ligamentous at¬ 
tachments to radius and ulna. 
























The Cubital Fossa 465 


form the neck. Below the neck is the bicipital tuber¬ 
osity. 

The shaft of the radius, in contradistinction to 
that of the ulna, is wider below than above (Fig. 9- 
43). It has a sharp interosseous border medially for 
the attachment of the interosseous membrane. It 
has an oblique line, or ridge, on its anterior surface, 
which extends downward and laterally from the 
bicipital tuberosity to the pronator tubercle on its 
lateral surface. 

At the lower end of the radius is the styloid pro¬ 
cess; this projects distally from its lateral margin 
(Fig. 9-43). On the medial surface is the ulnar 
notch , which articulates with the round head of the 
ulna. The inferior articular surface is divided in 
two by a ridge; the lateral area articulates with the 
scaphoid bone and the medial area with the lunate 
bone. On the posterior aspect of the lower end is 
a small tubercle, the dorsal tubercle, which is 
grooved on its medial aspect bv the tendon of the 
extensor pollicis longus (Fig. 9-43). 

The important muscles and ligaments that are 
attached to the radius are shown in Figure 9-43. 


ULNA 

The ulna is the medial bone of the forearm (Fig. 9- 
43). Its upper end articulates with the humerus at 
the elbow joint, and with the head of the radius at 
the superior radioulnar joint. Its lower end articu¬ 
lates with the radius at the inferior radioulnar 
joint, but it is excluded from the wrist joint by the 
articular disc. 

The upper end of the ulna is large and is known 
as the olecranon process (Fig. 9-43). It has a notch 
on its anterior surface, the trochlear notch, which 
articulates with the trochlea of the humerus. Below 
the trochlear notch is the triangular coronoid pro¬ 
cess, which has on its lateral surface the radial 
notch for articulation with the head of the radius. 

The shaft of the ulna tapers from above down 
(Fig. 9-43). It has three surfaces and three borders. 
The lateral, or interosseous, border is sharp and 
gives attachment to the interosseous membrane. 
The posterior border is rounded and subcutaneous 
and can be easily palpated throughout its length. 
The anterior border is also rounded, but it is cov¬ 
ered by muscles. Below the radial notch is a depres¬ 
sion, the supinator fossa, which gives clearance for 
the movement of the bicipital tuberosity of the ra¬ 


dius. The posterior border of the fossa is sharp and 
is known as the supinator crest; it gives origin to 
the supinator muscles. 

At the lower end of the ulna is the small rounded 
head, which has projecting from its medial aspect 
the shdoid process (Fig. 9-43). 

The important muscles and ligaments that are 
attached to the ulna are shown in Figure 9-43. 


Bones of the Carpus 

There are eight carpal bones, made up of two rows 
of four (Figs. 9-44 and 9-45). The proximal row 
consists of (from lateral to medial) the scaphoid, 
lunate, triquetral, and pisiform bones. The distal 
row consists of (from lateral to medial) the trape¬ 
zium, trapezoid, capitate, and hamate bones. To¬ 
gether, the bones of the carpus present on their an¬ 
terior surface a concavity, to the lateral and medial 
edges of which is attached the flexor retinaculum. 
In this manner, an osteofascial tunnel is formed for 
the passage of the median nerve and the flexor ten¬ 
dons of the fingers. 

The car] ms is cartilaginous at birth. The capitate 
begins to ossify during the first year, and the others 
begin to ossify at intervals thereafter, until the 
twelfth vear, when all the bones are ossified. 

While a detailed knowledge of the bones of the 
hand is unnecessary for a medical student, the po¬ 
sition, shape, and size of the scaphoid bone should 
be studied, since it is commonly fractured. The 
ridge and groove of the trapezium, the hook of the 
hamate, and the pea-like pisiform bone should be 
examined. 


The Metacarpals and Phalanges 

There are five metacarpal bones, each of which has 
a base, a shaft, and a head (Figs. 9-44 and 9-45). 

The first metacarpal bone of the thumb is the 
shortest and most mobile. It does not lie in the 
same plane as the others, but occupies a more an¬ 
terior position. It is also rotated medially through 
a right angle, so that its extensor surface is directed 
laterally and not backward. 

The bases of the metacarpal bones articulate 
with the distal row of the carpal bones; the heads, 
which form the knuckles, articulate with the prox¬ 
imal phalanges (Figs. 9-44 and 9-45). The shaft of 
each metacarpal bone is slightly concave forward 
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Fig. 9-44. Important muscular attachments to ante¬ 
rior surfaces of bones of the hand. 
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lunate 



Fig. 9-45. Important muscular attachments to pos¬ 
terior surfaces of bones of the hand. 
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and is triangular in transverse section. Its surfaces 
are posterior, lateral, and medial. 

There are three phalanges for each of the fingers, 
but only two for the thumb. 

The important muscles that are attached to the 
bones of the hand and fingers are shown in Figures 
9-44 and 9-45. 


THE FOREARM_ 

Skin 

The sensory nerve supply to the skin of the forearm 
is from the anterior and posterior branches of the 
lateral cutaneous nerve of the forearm, a contin¬ 
uation of the museuloeutaneous nerve, and from 
the anterior and posterior branches of the medial 
eutaneous nerve of the forearm (Fig. 9-34). A nar¬ 
row strip of skin down the middle of the posterior 
surfaee of the forearm is supplied by the posterior 
eutaneous nerve of the forearm. 

The superficial veins of the forearm lie in the su¬ 
perficial faseia (Fig. 9-8). The cephalic vein arises 
from the lateral side of the dorsal venous areh on 
the back of the hand and winds around the lateral 
border of the forearm; it then aseends into the eu- 
bital fossa and up the front of the arm on the lat¬ 
eral side of the bieeps. Its termination in the axil¬ 
lary vein is described on page 428. As the cephalie 
vein passes up the upper limb, it receives a variable 
number of tributaries from the lateral and poste¬ 
rior surfaces of the limb (Fig. 9-8). The median 
cubital vein , a branch of the eephalie vein in the 
eubital fossa, runs upward and medially and joins 
the basilic vein. In the eubital fossa the median eu¬ 
bital vein erosses in front of the brachial artery and 
the median nerve, but it is separated from them by 
the bieipital aponeurosis. 

The basilic vein arises from the medial side of 
the dorsal venous areh on the back of the hand and 
winds around the medial border of the forearm; it 
then aseends into the eubital fossa and up the front 
of the arm on the medial side of the biceps (Fig. 9- 
8). Its termination by joining the venae eomitantes 
of the brachial artery to form the axillary vein is 
described on page 428. It receives the median eubi¬ 
tal vein and a variable number of tributaries from 
the medial and posterior surfaces of the upper 
limb. 

The superficial lymphatic vessels from the thumb 
and lateral fingers and the lateral areas of the hand 


and forearm follow the cephalie vein to the infra- 
elavieular group of nodes (Fig. 9-35). Those from 
the medial fingers and the medial areas of the 
hand and forearm follow the basilic vein to the 
eubital fossa. Here, some of the vessels drain into 
the supratrochlear lymph node , while others bypass 
the node and accompany the basilic vein to the ax¬ 
illa, where they drain into the lateral group of ax¬ 
illary nodes. The efferent vessels from the supra¬ 
trochlear node also drain into the lateral axillary 
nodes (Fig. 9-35). 


Fascial Compartments 
of the Forearm 

The forearm is enclosed in a sheath of deep fascia, 
which is attached to the periosteum of the poste¬ 
rior subcutaneous border of the ulna (Fig. 9-46). 
This faseial sheath, together with the interosseous 
membrane and fibrous intermuscular septa, di¬ 
vides up the forearm into a number of compart¬ 
ments, each having its own museles, nerves, and 
blood supply. 


INTEROSSEOUS MEMBRANE 

The interosseous membrane is a thin but strong 
membrane uniting the radius and ulna; it is at¬ 
tached to their interosseous borders (Figs. 9-43 and 
9-46). Its fibers run obliquely downward and me¬ 
dially, so that a force applied to the lower end of 
the radius (e.g., falling on the outstretched hand) 
is transmitted from the radius to the ulna and from 
there to the humerus and scapula. Its fibers are 
taut when the forearm is in the midprone position, 
i.e., the position of function. The interosseous 
membrane provides attachment for neighboring 
museles. Its lower part is piereed by the anterior 
interosseous vessels. 

Thc> oblique cord is a narrow, ligamentous struc¬ 
ture, which extends from the radius, below the 
tuberosity, to the apex of the eoronoid process of 
the ulna (Fig. 9-43). Its function is unknown. 


FLEXOR AND EXTENSOR RETINACULA 

The flexor and extensor retinacula are specialized 
bands of deep faseia seen in the region of the wrist 
and hand. 
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Fig. 9-46. Cross section of forearm at level of inser¬ 
tion of pronator teres muscle. 


Flexor Retinaculum 

The flexor retinaculum is a thickening of deep fas¬ 
cia, which stretches across the front of the wrist 
and converts the concave anterior surface of the 
carpus into an osteofascial tunnel, called the carpal 
tunnel, for the passage of the median nerve and the 
flexor tendons of the thumb and fingers (Fig. 9-52). 
It is attached medially to the pisiform bone and the 
hook of the hamate, and laterally to the tubercle of 
the scaphoid and the trapezium bones. The attach¬ 
ment to the trapezium consists of superficial and 
deep parts and forms a synovial-lined tunnel for 
passage of the tendon of the flexor carpi radialis. 

The upper border of the retinaculum corre¬ 
sponds to the distal transverse crease in front of the 
wrist and is continuous with the deep fascia of the 
forearm. The lower border is attached to the pal¬ 
mar aponeurosis (Fig. 9-53). 

The relations of the flexor retinaculum are de¬ 
scribed on page 486. 


Extensor Retinaculum 

The extensor retinaculum is a thickening of deep 
fascia that stretches across the back of the wrist 
(Fig. 9-61). It converts the grooves on the posterior 
surface of the distal ends of the radius and ulna 
into six separate tunnels for the passage of the long 
extensor tendons. Each tunnel is lined with a syno¬ 
vial sheath, which extends above and below the ret¬ 
inaculum on the tendons. The tunnels are sepa¬ 
rated from one another by fibrous septa that pass 
from the deep surface of the retinaculum to the 
bones. 

The retinaculum is attached medially to the pisi¬ 
form bone and the hook of the hamate, and lat¬ 
erally to the distal end of the radius. The upper and 
lower borders of the retinaculum are continuous 
with the deep fascia of the forearm and hand, re¬ 
spectively. v 

The contents of the tunnels beneath the extensor 
retinaculum are described on page 487. 
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Contents of the Anterior Fascial 
Compartment of the Forearm 

Muscles _ 

A superficial group, consisting of the pronator 
teres, the flexor carpi radialis, the palmaris longus, 
and the flexor carpi ulnaris; an intermediate group 
consisting of the flexor digitorum superficialis; and 
a deep group consisting of the flexor pollicis longus, 
the flexor digitorum profundus, and the pronator 
quadratus. 


Blood Supply to the Muscles 

Ulnar and radial arteries. 


Nerve Supply to the Muscles 

All the muscles are supplied by the median nerve 
and its branches, except the flexor carpi ulnaris 
and the medial part of the flexor digitorum profun¬ 
dus, which are supplied by the ulnar nerve. 


Muscles of the Fascial Compartments 
of the Forearm: Superficial Group 

The superficial group of muscles possesses a com¬ 
mon tendon of origin, which is attached to the me¬ 
dial epicondvle of the humerus. 

PRONATOR TERES (FIGS. 9-47 AND 9-48) 
Origin 

O _ 

A humeral head, which arises from the common 
tendon attached to the medial epicondyle of the 
humerus, and an ulnar head, which springs from 
the medial border of the coronoid process of the 
ulna. 


Insertion 

The two heads unite to be inserted into the prona¬ 
tor tuberosity on the lateral aspect of the shaft of 
the radius. 


Nerve Supply 
Median nerve. 


Action 

Pronation and flexion of the forearm. 


FLEXOR CARPI RADIALIS (FIG. 9-47) 

Origin 

From the common tendon attached to the medial 
epicondvle of the humerus. 


Insertion 

The tendon runs through a synovial-lined tunnel in 
the lateral part of the flexor retinaculum in a 
groove on the trapezium and is inserted into the 
bases of the second and third metacarpal bones. 


Nerve Supply 

Median nerve. 


Action 

Flexes and abducts the hand at the wrist joint. 


PALMARIS LONGUS (FIG. 9-47) 

The palmaris longus muscle is often absent. 


Origin 

From the common tendon attached to the medial 
epicondyle of the humerus. 


Insertion 

Into the flexor retinaculum and palmar aponeu¬ 
rosis. 


Nerve Supply 
Median nerve. 


Fig. 9-47. Anterior view of forearm. Middle portion 
of brachioradialis muscle has been removed to dis¬ 
play superficial branch of radial nerve and the ra¬ 
dial arterv. 
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Action 

Flexes the hand. 


FLEXOR CARPI ULNARIS (FIG. 9-47) 

Origin 

A humeral head, which arises from the common 
tendon attached to the medial epicondvle of the 
humerus, and an ulnar head, which springs from 
the medial aspect of the olecranon process of the 
ulna and the posterior border of the ulna. 


Insertion 

The two heads unite to form a long tendon, which 
is inserted into the pisiform bone, and bv two lig¬ 
aments, called the pisohamate and pisometacarpal 
ligaments into the hook of the hamate, and the 
base of the fifth metacarpal bone, respectively. 


Nerve Supply 

Ulnar nerve. 


Action 

Flexes and adducts the hand at the wrist joint. 


Muscles of the Anterior Fascial 
Compartments of the Forearm: 
Intermediate Muscle 

FLEXOR DIGITORUM SUPERFICIALIS 
(FIG. 9-48) _ 

Origin 

A humeroulnar head from the common tendon, at¬ 
tached to the medial epicondvle of the humerus 
and the medial margin of the coronoid process of 
the ulna; it is also attached to the medial ligament 
of the elbow joint. A radial head, arising from the 


Fig. 9-48. Anterior view of forearm. Most of superfi¬ 
cial muscles have been removed to display flexor 
digitorum superficialis, median nerve, superficial 
branch of radial nerve, and radial artery. Note diat 
ulnar bead of pronator teres separates median 
nerve from ulnar arterv. 


oblique line on the anterior surface of the shaft of 
the radius. 


Insertion 

The two heads unite to form the muscle bellv, and 
in the lower part of the forearm this gives rise to 
four tendons; these enter the hand by passing be¬ 
hind the flexor retinaculum. Here, the tendons for 
the middle and ring fingers lie anterior to those for 
the index and little fingers (Fig. 9-56). 

On reaching the proximal phalanges, each ten¬ 
don dirides into two slips; these then unite, and the 
tendon finally dirides again into two slips, which 
are inserted into the sides of the middle phalanx 
(Fig. 9-55). The corresponding tendon of the flexor 
digitorum profundus passes through the division of 
each superficialis tendon and is inserted into the 
base of the distal phalanx. 


Nerve Supply 

Median nerve. 


Action 

Flexes the middle phalanx of the fingers and also 
assists in flexing the proximal phalanx and the 
hand. 

Since the profundus tendons pierce the superfi¬ 
cialis tendons, the latter serve as pulleys to the pro¬ 
fundus muscle and enhance efficiency (Fig. 9-55) 
of this muscle. 


Muscles of the Anterior Fascial 
Compartments of the Forearm: 

Deep Group 

FLEXOR POLLICIS LONGUS (FIG. 9-49) 
Origin 

From the middle of the anterior surface of the shaft 
of the radius and from the adjoining part of the 
interosseous membrane. 


Insertion 

The tendon passes behind the flexor retinaculum 
and is inserted into the base of the distal phalanx 
of the thumb. 
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Fig. 9-49. Anterior view of forearm, show ing deep 

structures. 
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Nerve Supply 

The anterior interosseous branch of the median 
nerve. 


Action 

Flexes the distal phalanx of the thumb. 


FLEXOR DIGITORUM PROFUNDUS 

(FIG. 9-49)_ 

Origin 

From the upper three-fourths of the anterior and 
medial surfaces of the shaft of the ulna and the 
adjoining part of the interosseous membrane. 


Insertion 

Above the wrist, the muscle divides into four ten¬ 
dons, which pass down behind the flexor digito- 
rum superficialis and the flexor retinaculum (Fig. 
9-52). Eaeh tendon passes through a division in the 
corresponding tendon of the superficialis muscle 
and is inserted into the base of the distal phalanx 
(Fig. 9-55). 


Nerve Supply ___ 

The ulnar nerve supplies the medial half of the 
musele (going to little and ring fingers); the ante¬ 
rior interosseous branch of the median nerve sup¬ 
plies the lateral half (going to index and middle 
fingers). 


Action 

Flexes the distal phalanx of the fingers and then 
assists in the flexion of the middle and proximal 
phalanges. It also assists in flexing the wrist. 

PRONATOR QUADRATUS (FIG. 9-49)_ 

Origin 

From the lower quarter of the anterior surface of 
the shaft of the ulna. 


Insertion 

Into the lower quarter of the anterior surfaee of the 
shaft of the radius. 


Nerve Supply 

The anterior interosseous braneh of the median 
nerve. 


Action 

Pronates the forearm at the superior and inferior 
radioulnar joints. 


Arteries of the Anterior Fascial 
Compartment of the Forearm 

ULNAR ARTERY 

The ulnar artery, one of the terminal branches of 
the brachial artery, arises in the eubital fossa at the 
level of the neck of the radius (Figs. 9-37 and 9-48). 
It passes downward and medially, deep to the 
pronator teres, flexor carpi radialis, palmaris lon- 
gus, and flexor digitorum superfieialis muscles. It 
then runs downward under the flexor carpi ulnaris 
on the lateral side of the ulnar nerve. The artery is 
related posteriorly first to the brachialis musele 
and then to the flexor digitorum profundus (Fig. 9- 
49). At the wrist, it is quite superficial and lies with 
the ulnar nerve between the tendon of the flexor 
carpi ulnaris muscle and the tendons of the flexor 
digitorum superficialis muscle (Fig. 9-48). 

The ulnar artery enters the palm on the lateral 
side of the ulnar nerve. It crosses in front of the 
flexor retinaculum and lies lateral to the pisiform 
bone (Fig. 9-56). It ends by joining the superficial 
palmar branch of the radial artery to form the su¬ 
perficial palmar arch. (See p. 501.) 


Branches 

1. Muscular branches to neighboring muscles. 

2. Recurrent branches that take part in the arterial 
anastomosis around the elbow joint (Fig. 9-49). 

3. Branches that take part in the arterial anasto¬ 
mosis around the wrist joint. 

4. The common interosseous artery, which arises 
from the upper part of the ulnar artery and after 
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a brief course divides into the anterior and pos¬ 
terior interosseous arteries (Fig. 9-49). 


ANTERIOR INTEROSSEOUS ARTERY 

The anterior interosseous is a small artery that 
arises from the common interosseous arteiy and 
passes downward, with the anterior interosseous 
nerve, on the front of the interosseous membrane 
(Fig. 9-49). At the upper border of the pronator 
quadratus, it pierces the interosseous membrane 
and descends behind it to take part in the arterial 
anastomosis around the wrist joint. 


Branches 

1. Muscular branches to neighboring muscles. 

2. Nutrient branches to the radius and ulna bones. 

3. Median arteiy to the median nerve. 


POSTERIOR INTEROSSEOUS ARTERY 

The posterior interosseous is a small artery that 
arises from the common interosseous artery and 
passes backward over the upper border of the in¬ 
terosseous membrane between the radius and 
ulna, to enter the posterior compartment of the 
forearm (Fig. 9-49). Its further course is described 
on page 483. 


RADIAL ARTERY 

The radial arteiy, one of the terminal branches of 
the brachial artery, arises in the cubital fossa at the 
level of the neck of the radius (Figs. 9-47 and 9-48). 
It passes downward and laterally, deep to the bra- 
chioradialis muscle. In the lower half of the fore¬ 
arm, it emerges on the medial side of the tendon 
of the brachioradialis and lies on the lateral side of 
the tendon of the flexor carpi radialis. It is covered 
only by skin and fascia. 

As the arteiy descends (Fig. 9-48), it rests on the 
following structures, from above downward: the 
tendon of the biceps, the supinator, the pronator 
teres, the radial head of the flexor digitorum su- 
perficialis, the flexor pollicis longus, the pronator 
quadratus, and finally the radius, where its pulsa¬ 
tions may be felt in the living subject. In the middle 
third of the forearm, the superficial branch of the 
radial nerve lies lateral to it. 


The radial arteiy leaves the forearm by winding 
around the lateral aspect of the wrist to reach the 
posterior surface of the hand. (See p. 506.) 


Branches 

1. Muscular branches to neighboring muscles. 

2. Recurrent branch , which takes part in the arte¬ 
rial anastomosis around the elbow joint (Fig. 9- 
48). 

3. Supeifcial palmar branch, which arises just 
above the wrist (Fig. 9-48) and enters the palm 
of the hand by passing either superficially or 
through the muscles of the thenar eminence. It 
frequently joins the ulnar artery to form the su¬ 
perficial palmar arch. 


Nerves of the Anterior Fascial 
Compartment of the Forearm 

MEDIAN NERVE 

The median nerve leaves the cubital fossa bv pass¬ 
ing between the two heads of the pronator teres 
(Fig. 9-48). It runs behind the humeral head of the 
pronator teres and is separated from the ulnar ar¬ 
tery by the ulnar head of that muscle. It continues 
downward behind the flexor digitorum superfici- 
alis and is attached to its deep surface by connec¬ 
tive tissue. It rests posteriorly on the flexor digito¬ 
rum profundus. At the wrist, the median nerve 
emerges from the lateral border of the flexor digi¬ 
torum superficialis muscle and lies behind the ten¬ 
don of the palmaris longus (Figs. 9-47 and 9-48). It 
enters the palm by passing behind the flexor reti¬ 
naculum. (See pp. 487 and 501.) 


Branches (Fig. 9-79) 

1. Muscular branches in the cubital fossa to the 
pronator teres, the flexor carpi radialis, the pal¬ 
maris longus, and the flexor digitorum superfi¬ 
cialis. 

2. Articular branches to the elbow joint. 

3. Anterior interosseous nerve. This arises from the 
median nerve as it emerges from between the 
two heads of the pronator teres muscle (Fig. 9- 
49). 

4. Palmar cutaneous branch. This arises in the 
lower part of the forearm and is distributed to 
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the skin over the lateral part of the palm (Fig. 9- 
34). 


ANTERIOR INTEROSSEOUS NERVE 

The anterior interosseous nerve arises from the me¬ 
dian nerve as it emerges from between the two 
heads of the pronator teres. It passes downward on 
the anterior surface of the interosseous membrane, 
between the flexor pollicis longus and the flexor 
digitorum profundus, and is accompanied bv the 
anterior interosseous artery (Fig. 9-49). It ends on 
the anterior surface of the carpus. 


Branches 

1. Muscular branches to the flexor pollicis longus, 
the pronator quadratus, and the lateral half of 
the flexor digitorum profundus. 

2. Articular branches to the wrist and inferior ra¬ 
dioulnar joints. It also supplies the joints of the 
carpus. 


ULNAR NERVE 

The ulnar nerve (Fig. 9-49) passes from behind the 
medial epicondyle of the humerus, crosses the me¬ 
dial ligament of the elbow joint, and enters the 
front of the forearm by passing between the two 
heads of the flexor carpi ulnaris. It then runs down 
the forearm between the flexor carpi ulnaris and 
the flexor digitorum profundus muscles. In the 
lower two-thirds of the forearm, the ulnar artery 
lies on the lateral side of the ulnar nerve (Fig. 9- 
49). At the wrist, the ulnar nerve becomes super¬ 
ficial and lies between the tendons of the flexor 
carpi ulnaris and flexor digitorum superficialis 
muscles (Fig. 9-47). The ulnar nerve enters the 
palm of the hand by passing in front of the flexor 
retinaculum and lateral to the pisiform bone; here, 
it has the ulnar artery lateral to it. (See p. 486.) 


Branches (Fig. 9-81) 

1. Muscular branches to the flexor carpi ulnaris 
and to the medial half of the flexor digitorum 
profundus. 

2. Articular branches to the elbow joint. 

3. Palmar cutaneous branch. This is a small branch 
that arises in the middle of the forearm (Fig. 9- 


34) and supplies the skin over the hypothenar 
eminence. 

4. Dorsal , or posterior cutaneous branch. This is a 
large branch that arises in the distal third of the 
forearm. It passes medially between the tendon 
of the flexor carpi ulnaris and the ulna, and is 
distributed on the posterior surface of the hand 
and fingers. 


Contents of the Lateral Fascial 
Compartment of the Forearm* 

Muscles 

Brachioradialis and extensor carpi radialis longus. 


Blood Supply 

Radial and brachial arteries. 


Nerve Supply to the Muscles 
Radial nerve. 


Muscles of the Lateral Fascial 
Compartment of the Forearm 

BRACHIORADIALIS (FIG. 9-47) 

Origin 

From the upper two-thirds of the lateral supracon¬ 
dylar ridge of the humerus and from the adjoining 
lateral intermuscular septum. 


Insertion 

Into the base of the styloid process of the radius. 


Nerve Supply 
Radial nerve. 


Action 

This muscle flexes the forearm at the elbow joint; 
it also assists in rotating the forearm to the mid- 


'This mav be regarded as part of the posterior fascial com¬ 
partment. 
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prone position, or restoring the forearm to the mid- 
prone position from the full prone position. 


EXTENSOR CARPI RADIALIS LONGUS 
(FIGS. 9-47 AND 9-48)_ 

Origin 

From the lower third of the lateral supracondylar 
ridge of the humerus and from the adjoining lat¬ 
eral intermuscular septum. 


Insertion 

The long tendon passes under the extensor retinac¬ 
ulum and is inserted into the posterior surface of 
the base of the second metacarpal bone. 


Nerve Supply 
Radial nerve. 


Action 

It extends and abducts the hand at the wrist joint. 


Arteries of the La teral Compartment 
of the Forearm 

The arterial supply is derived from branches of the 
radial and brachial arteries. 


Nerve of the La teral Compartment 
of the Forearm 

RADIAL NERVE 

The radial nerve pierces the lateral intermuscular 
septum in the lower part of the arm and passes 
forward into the cubital fossa (Fig. 9-42). It then 
passes downward in front of the septum and the 
lateral epicondyle of the humerus, lying between 
the brachialis on the medial side, and the brachio- 
radialis and extensor carpi radialis longus on the 
lateral side (Fig. 9-48). At the level of the lateral 
cpicondvle it divides into superficial and deep 
branches (Figs. 9-48 and 9-49). 


Branches (Fig. 9-77) 

1. Muscular brandies to the brachioradialis, to the 
extensor carpi radialis longus, and a small 
branch to the lateral part of the brachialis mus¬ 
cle. 

2. Articular branches to the elbow joint. 

3. Deep branch of the radial nerve. This winds 
around the neck of the radius, between the su¬ 
perficial and deep layers of the supinator (Fig. 9- 
49), and enters the posterior compartment of the 
forearm (Fig. 9-51). 

4. Superficial branch of the radial nerve. 


Superficial Branch of the Radial Nerve 

The superficial branch of the radial nerve is the di¬ 
rect continuation of the newc after its main stem 
has given off its deep branch in front of the lateral 
epicondvle of the humerus (Fig. 9-48). It runs 
down under cover of the brachioradialis muscle 
and lies on the supinator and the pronator teres 
muscles. It is situated close to the lateral side of the 
radial artery in the middle third of the forearm. In 
the lower part of the forearm, it leaves the artery 
and passes backward under the tendon of the bra¬ 
chioradialis (Fig. 9-48). It reaches the posterior sur¬ 
face of the wrist, where it divides into terminal 
branches that supply the skin on the lateral two- 
thirds of the posterior surface of the hand (Fig. 9- 
34) and the posterior surface of the lateral two and 
one-half fingers over the proximal phalanx. The 
area of skin supplied by the nerve on the dorsum 
of the hand is variable. 


Contents of the Posterior Fascial 
Compartment of the Forearm 

Muscles 

Superficial group: extensor carpi radialis brevis, ex¬ 
tensor digitorum, extensor digiti minimi, extensor 
carpi ulnaris, anconeus. These muscles possess a 
common tendon of origin, which is attached to the 
lateral epicondyle of the humerus. 

Deep group: supinator, abductor pollicis longus, 
extensor pollicis brevis, extensor pollicis longus, ex¬ 
tensor indicis. 
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Blood Supply 

Posterior and anterior interosseous arteries. 


Nerve Supply to the Muscles 

Deep branch of the radial nerve. 


Muscles of the Posterior Fascial 
Compartments of the Forearm: 
Superficial Group 

EXTENSOR CARPI RADIALIS BREVIS 
(FIG. 9-50) 

Origin 

From the common tendon attached to the lateral 
epicondvle of the humerus. 


Insertion 

The tendon passes under the extensor retinaculum 
and is inserted into the posterior surface of the base 
of the third metacarpal bone. 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

It extends and abducts the hand at the wrist joint. 


EXTENSOR DIGITORUM (FIG. 9-50)_ 

Origin 

From the common tendon attached to the lateral 
epicondvle of the humerus. 


Insertion 

The muscle divides into four tendons, which pass 
under the extensor retinaculum and then diverge 
to the fingers. The tendons are connected to one 
another on the posterior surface of the hand. The 
first and fourth tendons are also connected to the 
extensor indicis and the extensor digiti minimi, re¬ 
spectively. 

On the posterior surface of each finger, the ex¬ 


tensor tendon becomes incorporated into a fascial 
expansion, called the extensor expansion (Fig. 9- 
61). Near the proximal interphalangeal joint, the 
extensor expansion splits into three parts: a central 
part, which is inserted into the base of the middle 
phalanx; and two lateral parts, which converge to 
be inserted into the base of the distal phalanx (Fig. 
9-55). 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

It extends the metacarpophalangeal joints and, 
through the extensor expansion, assists the lumbri- 
cal muscles and interossei to extend the proximal 
and distal interphalangeal joints. It also assists in 
extending the hand. 

Because of the presence of connections between 
the tendons, complete extension of one finger at the 
metacarpophalangeal joint is impossible so long as 
the remaining fingers are kept flexed. The index 
finger has a greater freedom of movement, since 
its tendon is not connected to the tendons of the 
other fingers. 


EXTENSOR DIGITI MINIMI (FIG. 9-50) 
Origin 

From the common tendon attached to the lateral 
epicondvle of the humerus. 


Insertion 

The tendon passes under the extensor retinaculum 
and divides into two slips, which are inserted into 
the extensor expansion for the little finger (Fig. 9- 
61). It is joined bv the small fourth tendon of the 
extensor digitorum. 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

It extends the metacarpophalangeal joint of the lit¬ 
tle finger. 
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tri ceps- ^jj|| 

ulnar nerve— 
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olecranon process 

flexor carpi ulnaris 


posterior subcutaneous 
border of ulna 


supinator 


flexor digitorum profundus 


flexor carpi ulnaris 
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of ulnar nerve 

extensor carpi ulnaris 
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extensor digitorum 
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extensor digiti minimi 
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abductor pollicis longus 
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EXTENSOR CARPI ULNAR1S (FIG. 9-50) 
Origin 

From the common tendon attached to the lateral 
epicondvle of the humerus. 


Insertion 

The tendon passes under the extensor retinaculum 
and is inserted into the posterior surface of the base 
of the fifth metacarpal bone. 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

It extends and adducts the hand at the wrist joint. 


ANCONEUS (FIG. 9-50) 

The anconeus is a small triangular muscle, which 
should be considered as part of the triceps muscle. 
It does not belong to the posterior fascial compart¬ 
ment of the forearm, but for convenience it will be 
described here. 


Origin 

O _ 

From the posterior aspect of the lateral epicondvle 
of the humerus. 


Insertion 

Into the lateral surface of the olecranon process of 
the ulna. 


Nerve Supply 
Radial nerve. 


Fig. 9-50. Posterior view of forearm. Parts of exten¬ 
sor digitorum, extensor digiti minimi, and exten¬ 
sor carpi ulnaris have been removed to show deep 
branch of radial nerve and posterior interosseous 
artery. 


Action 

It assists the triceps to extend the elbowjoint. 


Muscles of the Posterior Fascial 
Compartment of the Forearm: 

Deep Group 

SUPINATOR (FIG. 9-49) _ 

Origin 

It arises from the lateral epicondvle of the humer¬ 
us, the lateral ligament of the elbow joint, the an- 
ular ligament of the superior radioulnar joint, and 
the supinator crest and fossa of the ulna. 


Insertion 

Its fibers are arranged in two planes, between 
which the deep branch of the radial nerve lies. The 
two planes of muscle fibers wind around the pos¬ 
terior and lateral surface of the neck of the radius 
and are inserted into the posterior, lateral, and an¬ 
terior aspects of the neck and shaft of the radius, 
down as far as the oblique line. 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

It assists in supination of the forearm at the supe¬ 
rior and inferior radioulnar joints. (The biceps bra- 
chii muscle is the chief supinator.) 


ABDUCTOR POLLICIS LONGUS (FIGS. 9- 
50 AND 9-51) 

Origin 

From the middle of the posterior surface of the 
shaft of the ulna and radius and the intervening 

Cl 

interosseous membrane. 


Insertion 

The tendon passes under the extensor retinaculum 
and is inserted into the posterior surface of the base 
of the first metacarpal bone. 
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medial epicondyle 


flexor digitorum profundus 


anterior interosseous artery 
piercing interosseous membrane 
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extensor indicis 


posterior metacarpal arteries 


anconeus 

extensor carpi ulnaris 

extensor digiti minimi 
extensor digitorum 


supinator 

interosseous recurrent artery 


deep branch of radial nerve and 
posterior interosseous artery 


extensor carpi radial is brevis 
extensor carpi radialis longus 
brachioradialis 
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Nerve Supply 

Deep branch of the radial nerve. 


Action 

Abducts and extends the thumb at the carpometa¬ 
carpal joint. 

EXTENSOR POLLICIS BREVIS (FIG. 9-51) 
Origin 

From the posterior surface of the radius and the 
adjacent part of the interosseous membrane. 


Insertion 

The tendon passes under the extensor retinaculum 
and is inserted into the posterior surface of the base 
of the proximal phalanx of the thumb. 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

Extends the distal phalanx of the thumb. 


“ANATOMICAL SNUFFBOX” 

The anatomical snuffbox is a term commonly used 
to describe a triangular depression on the lateral 
side of the wrist that is bounded medially bv the 
tendon of extensor pollicis longus and laterally by 
the tendons of abductor pollicis longus and exten¬ 
sor pollicis brews (Fig. 9-50). Its clinical impor¬ 
tance lies in the fact that the scaphoid bone is most 
easily palpated here and that the pulsations of the 
radial artery can be felt here (Fig. 9-7). 


EXTENSOR INDICIS (FIG. 9-51) 


Nerve Supply 

Deep branch of the radial nerve. 


Action 

Extends the metacarpophalangeal joint of the 
thumb. 


EXTENSOR POLLICIS LONGUS (FIGS. 9-50 
AND 9-51) ___ 

Origin ___ 

From the posterior surface of the ulna and the ad¬ 
jacent part of the interosseous membrane. 


Insertion_ 

The tendon passes beneath the extensor retinacu¬ 
lum and uses the medial side of the dorsal tubercle 
of the radius as a pulley. It is inserted into the pos¬ 
terior surface of the base of the distal phalanx of 
the thumb. 


Fig. 9-51. Posterior view of forearm. Superficial 
muscles have been removed to display deep struc¬ 
tures. 


Origin 

From the posterior surface of the ulna and the ad¬ 
jacent part of the interosseous membrane. 


Insertion 

The tendon passes beneath the extensor retinacu¬ 
lum in company with the tendons of the extensor 
digitorum. It is inserted into the extensor expansion 
of the index finger. 


Nerve Supply 

Deep branch of the radial nerve. 


Action _ 

It extends the metacarpophalangeal joint of the in¬ 
dex finger. 


Arteries of the Posterior Fascial 
Comp artment qf the Forearm _ 

P OSTERIOR INTEROSSEOUS ARTERY 

The posterior interosseous artery arises from the 
common interosseous artery, a branch of the ulnar 
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Table 9-5. Muscles of the Forearm 


Name of muscle Origin Insertion 


MUSCLES OF ANTERIOR FASCIAL COMPARTMENT 


Pronator teres 
Humeral head 

Ulnar head 

Flexor carpi radialis 

Palmaris longus 

Flexor carpi ulnaris 
Humeral head 


Ulnar head 


Flexor digitorum 
superficialis 
Humeroulnar 
head 


Radial head 

Flexor pollicis 
longus 

Flexor digitorum 
profundus 


Pronator quadratus 


Medial epicondyle 
of humerus 

Medial border of 
coronoid process 
of ulna 

Medial epicondyle 
of humerus 

Medial epicondyle 
of humerus 


Medial epicondyle 
of humerus 


Medial aspect of 
olecranon process 
and posterior 
border of ulna 


Medial epicondyle 
of humerus; 
medial border of 
coronoid process 
of ulna 

Oblique line on 
anterior surface 
of shaft of radius 

Anterior surface of 
shaft of radius 

Anteromedial 

surface of shaft of 
ulna 


Anterior surface of 
shaft of ulna 


Lateral aspect of 
shaft of radius 


Bases of second and 
third metacarpal 
bones 

Flexor retinaculum 
and palmar 
aponeurosis 


Pisiform bone, hook 
of the hamate, 
base of fifth 
metacarpal bone 


Middle phalanx of 
medial four 
fingers 


Distal phalanx of 
thumb 

Distal phalanges of 
medial four 
fingers 


Anterior surface of 
shaft of radius 


Nerve supply 


Median nerve 


Median nerve 

Median nerve 


Ulnar nerve 


Median nerve 


Anterior inter¬ 
osseous branch of 
median nerve 
Ulnar and median 
nerves 


Anterior inter¬ 
osseous branch of 
median nerve 


Action 


Pronation and 

flexion of forearm 


Flexes and abducts 
hand at wrist 
joint 

Flexes hand 


Flexes and adducts 
the hand at the 
wrist joint 


Flexes middle 

phalanx of fingers 
and assists in 
flexing proximal 
phalanx and hand 

Flexes distal 

phalanx of thumb 

Flexes distal 
phalanx of the 
fingers; then 
assists in flexion 
of middle and 
proximal 
phalanges and 
the wrist 

Pronates forearm 










Tabic 9-6. Muscles of the Forearm 


Name of' muscle 

Origin 

Insertion 

Nerve supply 

Aetion 

MUSCLES OF THE LATERAL 

FASCIAL COMPARTMENT OF THE FOREARM 



Brachioradialis 

Lateral 

supracondylar 
ridge of humerus 

Base of styloid 
process of radius 

Radial nerve 

Flexes forearm at 
elbow joint; 
rotates forearm to 
the midprone 
position 

Extensor carpi 
radialis longus 

Lateral 

supracondylar 
ridge of humerus 

Posterior surface of 
base of seeond 
metaearpal bone 

Radial nerve 

Extends and 

abducts hand at 
wrist joint 


Table 9-7. Muscles of the Forearm 

Name of muscle 

Origin 

Insertion 

Nerve supply 

Aetion 

MUSCLES OF THE POSTERIOR FASCIAL COMPARTMENT 



Extensor carpi 

Lateral epieondvlc 

Posterior surface of 

Deep braneh of 

Extends and abducts the 

radialis brevis 

of humerus 

base of third 

radial nerve 

hand at the wrist 



metaearpal bone 


joint 

Extensor digitorum 

Lateral epieondvlc 

Middle and distal 

Deep braneh of 

Extends fingers and 


of humerus 

phalanges of the 

radial nerve 

hand (see text for 



medial four 
fingers 


details) 

Extensor digiti 

Lateral epieondvlc 

Extensor expansion 

Deep braneh of' 

Extends metaearpal 

minimi 

of humerus 

of little finger 

radial nerve 

phalangeal joint of 
little finger 

Extensor carpi 

Lateral epieondvlc 

Base of fifth 

Deep braneh of' 

Extends and adducts 

ulnaris 

of humerus 

metacarpal bone 

radial nerve 

hand at the wrist 
joint 

Anconeus 

Lateral epieondvle 

Lateral surfaee of 

Radial nerve 

Extends elbow joint 


of humerus 

oleeranon 
proeess of ulna 



Supinator 

Lateral epieondvle 

Neck and shaft of 

Deep braneh of 

Supination of forearm 

of liLimerus, 

radius 

radial nerve 



anular ligament 
of superior 
radioulnar joint, 
and ulna 


Abductor pollicis 

Posterior surface of 

Base of first 

Deep braneh of 

Abducts and extends 

longus 

shafts of radius 
and ulna 

metaearpal bone 

radial nerve 

thumb 

Extensor pollieis 

Posterior surfaee of 

Base of proximal 

Deep branch of 

Extends 

brevis 

shaft of radius 

phalanx of 
thumb 

radial nerve 

me t aea r po phala ngeal 
joints of thumb 

Extensor pollieis 

Posterior surfaee of' 

Base of distal 

Deep braneh of 

Extends distal phalanx 

longus 

shaft of ulna 

phalanx of 
thumb 

radial nerve 

of' thumb 

Extensor indieis 

Posterior surfaee of 

Extensor expansion 

Deep branch of 

Extends 


shaft of ulna 

of index finger 

radial nerve 

metacarpophalangeal 
joint of index finger 
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artciy (Figs. 9-49 and 9-51). It passes backward 
above the upper margin of the interosseous mem¬ 
brane between the radius and ulna. It then passes 
downward between the supinator and abductor 
pollicis longus and reaches the interval between the 
superficial and deep groups of muscles (Fig. 9-51). 
It ends bv anastomosing with the anterior interos¬ 
seous arteiy and taking part in the arterial anas¬ 
tomosis around the wrist joint. 


Branches 

1. Muscular branches to neighboring muscles. 

2. Recurrent branch , which takes part in the arte¬ 
rial anastomosis around the elbow joint (Fig. 9- 
51). 


ANTERIOR INTEROSSEOUS ARTERY 

The anterior interosseous artery, as described pre¬ 
viously (p. 476), arises from the common interos¬ 
seous branch of the ulnar artery (Fig. 9-49). It de¬ 
scends in front of the interosseous membrane and 
pierces the membrane in the lower third of the 
forearm, to enter the posterior compartment (Fig. 
9-51). It ends by anastomosing with the posterior 
interosseous artery and taking part in the arterial 
anastomosis around the wrist joint. 


Branches 

It has muscular branches to neighboring muscles. 


Nerve of the Posterior Fascial 
Compartment of the Forearm 

DEEP BRANCH OF THE RADIAL NERVE 

The deep branch arises from the radial nerve in 
front of the lateral epicondyle of the humerus in 
the cubital fossa (Fig. 9-49). It pierces the supina¬ 
tor, and winds around the lateral aspect of the neck 
of the radius in the substance of the muscle, to 
reach the posterior compartment of the forearm. 
The nerve emerges from the supinator (Fig. 9-51) 
and descends in the interval between the superfi¬ 
cial and deep groups of muscles in company with 
the posterior interosseous artery. It eventually 
reaches the posterior surface of the interosseous 
membrane and runs with the anterior interosseous 


arteiy. It terminates on the back of the carpus in 
an enlargement from which branches pass to the 
carpal joints. 


Branches 

1. Muscular branches to the extensor carpi radialis 
brevis and the supinator, the extensor digitorum, 
the extensor digiti minimi, the extensor carpi ul- 
naris, the abductor pollicis longus, the extensor 
pollicis brevis, the extensor pollicis longus, and 
the extensor indicis. 

2. Articular branches to the wrist and carpal joints. 


Muscles—Their Nerve Supply and Action 

Students wishing to review the muscles of the fore¬ 
arm should study Tables 9-5, 9-6, and 9-7. 


THE REGION OF THE WRIST 

Before learning the anatomy of the hand, it is es¬ 
sential that a student have a sound knowledge of 
the arrangement of the tendons, arteries, and 
nerves in the region of the wrist joint. From the 
clinical standpoint, the wrist is a common site for 
injury. 

In the drawing of a transverse section through 
the wrist shown in Figure 9-52, identify the struc¬ 
tures from medial to lateral. At the same time, ex¬ 
amine vour own wrist and identify as many of the 
structures as possible. 


Anterior Aspect of the Wrist 

Structures that Pass Anterior to the Flexor 

Retinaculum from Medial to Lateral 

1. Flexor carpi ulnaris tendon , ending on the pisi¬ 
form bone. (This tendon does not actually cross 
the flexor retinaculum but is included for the 
sake of completeness.) 

2. The ulnar nerve , lying lateral to the pisiform 
bone. 

3. The ulnar artery . 

4. The palmar cutaneous branch of the ulnar nerve . 

5. The palmaris longus tendon , passing to its inser¬ 
tion into the flexor retinaculum and the palmar 
aponeurosis. 

6. The palmar cutaneous branch of the median 
neive. 
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palmaris longus 

flexor retinaculum / median nerve 

palmar cutaneous branch 


of ulnar nerve 


muscles of 
hypothenar eminence 


ulnar artery 
ulnar nerve 

flexor digitorum 
superficialis 
flexor digitorum- 
profundus 

hook of hamate 


flexor synovial sheath 
extensor carpi ulnaris 

posterior cutaneous branch of 
ulnar nerve 

basilic vein 



palmar cutaneous branch of median nerve 


extensor digit! minimi 

extensor digitorum 

extensor indicis 


muscles of thenar eminence 

flexor carpi radialis 
ridge of trapezium 

flexor pollicis longus 
abductor pollicis longus 

extensor pollicis brevis 

superficial branch 
of radial nerve 

radial artery 

cephalic vein 

extensor carpi radialis 
longus and brevis 

extensor pollicis longus 

extensor retinaculum 


Fig. 9-52. Cross section of hand, showing relation¬ 
ship of tendons, nerves, and arteries to flexor and 
extensor retinacula. 


Structures that Pass Beneath the Flexor 

Retinaculum from Medial to Lateral 

(Fig. 9-52) _ 

1. The flexor digitorum superficialis tendons and, 
posterior to these, the tendons of flexor digito¬ 
rum profundus; both groups of tendons share a 
common synovial sheath. 

2. The median nerve. 

3. The flexor pollicis longus tendon, surrounded by 
a synovial sheath. 

4. The flexor carpi radialis tendon going through 
the split in the flexor retinaculum. The tendon is 
surrounded by a synovial sheath. 


Structures that Pass Posterior to the 
Extensor Retinaculum fl'om Medial to 
Lateral (Fig. 9-52) 

1. The dorsal (posterior) cutaneous branch of the 
ulnar nerve. 

2. The basilic vein. 

3. The cephalic vein. 

4. The superficial branch of the radial nerve. 


Structures that Pass Beneath the Extensor 
Retinaculum 

Beneath the extensor retinaculum, fibrous septa 
pass to the underiving radius and ulna and form 
six compartments that contain the tendons of the 
extensor muscles. Each compartment is provided 
with a synovial sheath, which extends above and 
below the retinaculum. 
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From medial to lateral, these compartments 
(Fig. 9-52) are the following: 

1. The extensor carpi nlnaris tendon, which occu¬ 
pies the most medial compartment and grooves 
the posterior aspect of the head of the ulna. 

2. The extensor digiti minimi tendon is situated 
posterior to the inferior radioulnar joint. 

3. The extensor digitorum and extensor indicis ten¬ 
dons share a common synovial sheath and are 
situated on the posterior surface of the radius. 

4. The extensor pollicis longns tendon winds 
around the medial side of the dorsal tubercle of 
the radius. 

5. The extensor carpi radialis longus and brevis ten¬ 
dons share a common synovial sheath and are 
situated on the lateral part of the posterior sur¬ 
face of the radius. 

6. The abductor pollicis longus and the extensor 
pollicis brevis tendons have separate synovial 
sheaths, but share a common compartment. 

The radial artery reaches the back of the hand 
bv passing between the lateral collateral ligament 
of the wrist joint and the tendons of the abductor 
pollicis longus and extensor pollicis brevis (Fig. 9- 
51). 


THE PALM OF THE HAND 
Skin 

The skin of the palm of the hand is thick and hair¬ 
less. It is bound down to the underlying deep fascia 
by numerous fibrous bands. The skin shows many 
flexure creases at the sites of skin movement, 
which are not necessarily placed at the site of 
joints. Sweat glands are present in large numbers. 

The palmaris brevis (Fig. 9-53) is a small muscle 
that arises from the flexor retinaculum and palmar 
aponeurosis and is inserted into the skin of the 
palm. It is supplied by the superficial branch of the 
ulnar nerve. Its function is to corrugate the skin at 
the base of the hvpothenar eminence and so im¬ 
prove the grip of the palm in holding a rounded 
object. 

The sensoiy nerve supply to the skin of the palm 
(Figs. 9-34 and 9-53) is derived from the palmar 
cutaneous branch of the median nerve , which 
crosses in front of the flexor retinaculum and sup¬ 
plies the lateral part of the palm, and the palmar 


cutaneous branch of the ulnar nerve; the latter - 
nerve also crosses in front of the flexor retinaculum 
(Fig. 9-52) and supplies the medial part of the 
palm. 

The skin over the base of the thenar eminence is 
supplied bv the lateral cutaneous nerve of the fore¬ 
arm or the superficial branch of the radial nerve 
(Fig. 9-34). 


Deep Fascia 

The deep fascia of the wrist and palm is thickened 
to form the flexor retinaculum (described on p. 
469) and the palmar aponeurosis. 

The palmar aponeurosis is triangular in shape 
and occupies the central area of the palm (Fig. 9- 
53). The deep fascia covering the medial hvpothe¬ 
nar muscles and the lateral thenar muscles is thin 
and weak. 

The apex of the palmar aponeurosis is attached 
to the distal border of the flexor retinaculum and 
receives the insertion of the palmaris longus tendon 
(Fig. 9-53). The base of the aponeurosis divides at 
the bases of the fingers into four slips. Each slip 
divides into two bands, one passing superficially to 
the skin and the other passing deeply to the root of 
the finger; here, each deep band divides into two, 
which diverge around the flexor tendons and fi¬ 
nally fuse with the fibrous flexor sheath and the 
deep transverse ligaments. 

The medial and lateral borders of the palmar 
aponeurosis are continuous with the thinner deep 
fascia covering the hvpothenar and thenar muscles. 
From each of these borders, fibrous septa pass pos¬ 
teriorly into the palm and take part in the forma¬ 
tion of the palmar fascial spaces. (See p. 502.) 

The function of the palmar aponeurosis is to give 
firm attachment to the overlying skin and so im¬ 
prove the grip, and to protect the underlying ten¬ 
dons. 


The Carpal Tunnel 

The carpus is deeply concave on its anterior surface 
and forms a bony gutter. The gutter is converted 
into a tunnel by the flexor retinaculum (Fig. 9-52). 

The long flexor tendons to the fingers and thumb 
pass through the tunnel and are accompanied by 
the median nerve. The four separate tendons of the 
flexor digitorum superficialis muscle are arranged 
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palmar digital artery 

palmar digital nerve 


fibrous flexor sheath 


deep transverse 
palmar ligament 


1st dorsal interosseous 
adductor pollicis 



palmar aponeurosis 
abductor digit! minimi 
flexor digiti minimi 

deep branch of ulnar 
nerve and artery 

palmaris brevis 

hook of hamate 
pisiform 

palmar cutaneous branch 
of ulnar nerve 
flexor carpi ulnaris 
ulnar nerve 
ulnar artery 

flexor digitorum superficial is 

palmaris longus 

Fig. 9-53. Anterior view of palm of hand. Palmar 
aponeurosis has been left in position. 


abductor pollicis brevis 
flexor pollicis brevis 
flexor retinaculum 
ridge of trapezium 
extensor pollicis brevis 
abductor pollicis longus 
tubercle of scaphoid 
radial artery 


flexor carpi radialis 

palmar cutaneous branch 
of median nerve 
median nerve 
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in anterior and posterior rows, those to the middle 
and ring fingers lying in front of those to the index 
and little lingers. At the lower border of the flexor 
retinaculum, the four tendons diverge and become 
arranged on the same plane (Fig. 9-56). 

The tendons of the flexor digitorum profundus 
muscle are on the same plane and lie behind the 
superficialis tendons. 

All eight tendons of the flexor digitorum super¬ 
ficialis and profundus invaginatc a common syno¬ 
vial sheath from the lateral side (Fig. 9-52). This 
allows the arterial supply to the tendons to enter 
them from the lateral side. 

The tendon of the flexor pollicis longus muscle 
runs through the lateral part of the tunnel in its 
own synovial sheath. 

The median nerve passes beneath the flexor ret¬ 
inaculum in a restricted space between the flexor 
digitorum superficialis and the flexor carpi radialis 
muscles (Fig. 9-52). 


Fibrous Flexor Sheaths 

The anterior surface of each finger, from the head 
of the metacarpal to the base of the distal phalanx, 
is provided with a strong fibrous sheath, which is 
attached to the sides of the phalanges (Fig. 9-54). 
The proximal ends of the fibrous sheaths of the fin¬ 
gers (except the thumb) receive the deeper parts of 
the four slips of the palmar aponeurosis. The distal 
end of the sheath is closed and is attached to the 
base of the distal phalanx. The sheath, together 
with the anterior surfaces of the phalanges and the 
interphalangcal joints, forms a blind tunnel in 
which the flexor tendons of the finger lie. 

In the thumb, the osteofibrous tunnel contains 
the tendon of the flexor pollicis longus. In the case 
of the four medial fingers, the tunnel is occupied 
by the tendons of the flexor digitorum superficialis 
and profundus (Fig. 9-54). The fibrous sheath is 
thick over the phalanges, but thin and lax over the 
joints. 


Synovial Flexor Sheaths 

The crowded long flexor tendons emerge from the 
carpal tunnel and diverge as they pass down into 
the hand. 

The flexor pollicis longus tendon enters the os¬ 
teofibrous tunnel of the thumb and is inserted into 


the base of the distal phalanx (Fig. 9-53). The ten¬ 
don is surrounded by a synovial sheath, which ex¬ 
tends into the forearm for a distance equal to about 
a fingerbreadth proximal to the flexor retinaculum, 
and distally, it extends to the insertion. 

The eight tendons of the flexor digitorum super¬ 
ficialis and profundus invaginate a common syno¬ 
vial sheath from the lateral side (Fig. 9-52). This 
common sheath extends proximallv into the fore¬ 
arm for a distance equal to about a fingerbreadth 
proximal to the flexor retinaculum. Distally, the 
medial part of the sheath continues downward 
without interruption on the tendons of the little 
finger as far as the base of the distal phalanx (Fig. 
9-54) The remainder of the sheath ends blindly ap¬ 
proximately at the level of the proximal transverse 
crease of the palm. 

The distal ends of the flexor tendons of the index, 
middle, and ring fingers have digital synovial 
sheaths , which commence at the level of the distal 
transverse crease of the palm and end at the bases 
of the distal phalanges (Fig. 9-54). Thus, for a short 
length, the tendons for these fingers are devoid of 
a svnovial covering. 

The svnovial sheath of the flexor pollicis longus 
(sometimes referred to as the radial bursa ) com¬ 
municates with the common svnovial sheath of the 
superficialis and profundus tendons (sometimes 
referred to as the ulnar bui'sa') at the level of the 
wrist in about 50 percent of subjects. 

The vincula longa and breva are small vascular 
folds of synovial membrane that connect the ten¬ 
dons to the anterior surface of the phalanges (Fig. 
9-55). They resemble a mesenterv and convey 
blood vessels to the tendons. 


Insertion of the Long 
Flexor Tendons 

The flexor pollicis longus tendon is inserted simply 
onto the anterior surface of the base of the distal 
phalanx of the thumb (Fig. 9-54). 

Each tendon of the flexor digitorum superficialis 
enters the fibrous flexor sheath; opposite the prox¬ 
imal phalaax it divides into two halves, which pass 
around the profundus tendon and meet on its deep 
or posterior surface, where partial decussation of 
the fibers takes place (Fig. 9-55). The superficialis 
tendon, having united again, divides almost at once 
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fibrous flexor sheath 


insertion of flexor digitorum profundus 


digital synovial sheath opened 
to show flexor tendons 


digital synovial sheath 


synovial sheath for flexor 
pollicis longus (radial bursa) 



common flexor synovial 
sheath (ulnar bursa) 


flexor retinaculum 


flexor digitorum 
superficialis 


flexor pollicis longus 

flexor carpi radial is 
synovial sheath for flexor carpi radialis 


fibrous flexor sheath 

flexor digitorum 

superficialis 
palmar digital nerve 

•flexor digitorum 
profundus 


dorsal digital nerve 

dorsal extensor expansion 
proximal phalanx 


Fig. 9-54. Anterior view of palm of hand, showing 
flexor synovial sheaths. Cross section of a finger is 
also shown. 
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into two further slips, which are attached to the 
borders of the middle phalanx. 

Each tendon of the flexor digitorum profundus, 
having passed through the division of the superfi- 
cialis tendon, continues downward, to be inserted 
into the anterior surface of the base of the distal 
phalanx (Fig. 9-55). 


Small Muscles of the Hand 

LUMBRICAL MUSCLES (FIG. 9-56) 

Origin 

The lumbrical muscles are four in number and 
arise from the tendons of the flexor digitorum pro¬ 
fundus in the palm. 


Insertion 

Each muscle is inserted into the lateral side of the 
corresponding extensor expansion (Fig. 9-55). 


Nerve Supply 

The first and second lumbricals, i.e., the lateral 
two lumbricals, are supplied by the median nerve; 
the third and fourth lumbricals are supplied by the 
deep branch of the ulnar nerve. 


Action 

Assisted by the interossei, they flex the metacar¬ 
pophalangeal joints and extend the interphalangeal 
joints (Fig. 9-55). 


The Interossei _ 

There are eight interossei, consisting of four dorsal 
and four palmar muscles. + They occupy the spaces 
between the metacarpal bones. The dorsal muscles 
arise by two heads and are larger than the palmar 
muscles, which have only one head. 

'Some authors describe only three palmar interossei and state 
that the first palmar interosseous is in reality a second head 
to the flexor pollicis brevis; others believe that it is part of the 
adductor pollicis muscle. 


PALMAR INTEROSSEI (FIGS. 9-57 
TO 9-59) 

Origin 

The first arises from the medial side of the base of 
the first metacarpal bone. The second, third, and 
fourth arise from the anterior surfaces of the sec¬ 
ond, fourth, and fifth metacarpal bones, respec¬ 
tively. 


Insertion 

The first is inserted into the medial side of the base 
of the proximal phalanx of the thumb. The second 
is inserted into the medial side of the base of the 
proximal phalanx of the index finger. The third and 
fourth are inserted into the lateral side of the cor¬ 
responding bones of the ring finger and little fin¬ 
ger, respectively. In addition, all the interossei are 
inserted into the extensor expansion of the digit on 
which they act. 


Nerve Supply 

Deep branch of the ulnar nerve. 


Action 

They adduct the fingers toward the center of the 
third finger at the metacarpophalangeal joints, flex 
the metacarpophalangeal joints, and extend the in¬ 
terphalangeal joints (Fig. 9-59). 


DORSAL INTEROSSEI (FIGS. 9-59 

TO 9-61)_ 

Origin 

The four dorsal interossei arise from the contig¬ 
uous sides of the first and second, second and 
third, third and fourth, and fourth and fifth me¬ 
tacarpal bones, respectively. 


Insertion 

The first dorsal interosseous (Fig. 9-58) is inserted 
into the lateral side of the base of the proximal 
phalanx of the index finger; the second, into the 
lateral side of the base of the proximal phalanx of 
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fibrous flexor sheaths 


1st lumbrical 


1st dorsal interosseous 



flexor digitorum 
superficial is 

flexor digitorum 
profundus 


palmar digital 
arteries and nerves 
opponens 
digiti minimi 
superficial palmar arch 

flexor digiti minimi 

abductor digiti minimi 
hook of hamate 
pisiform 

flexor carpi ulnaris 

flexor retinaculum 

ulnar nerve and artery 


adductor pollicis 


opponens pollicis 
flexor pollicis brevis 

abductor pollicis brevis 
ridge of trapezium 
abductor pollicis longus 


flexor digitorum superficial is 


radial artery 
tubercle of scaphoid 

flexor carpi radial is 
flexor pollicis longus 
median nerve 
flexor digitorum profundus 


Fig. 9-56. Anterior view of palm of hand. Palmar 
aponeurosis and greater part of flexor retinaculum 
have been removed to display superficial palmar 
arch, median nerve, and long flexor tendons. Seg¬ 
ments of tendons of flexor digitorum superficialis 
have been removed to show underlying tendons of 
flexor digitorum profundus. 
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flexor digitorum profundus 
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fibrous flexor sheath 


palmar ligament of joint 
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palmar ligament * ™ 
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deep palmar arch 
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Fig. 9-57. Anterior view of palm of hand. Long 
flexor tendons have been removed from palm, but 
their method of insertion into the fingers is shown. 
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2nd dorsal interosseous 



Fig. 9-58. Anterior view of palm of hand, show ing 
deep palmar arch and deep terminal branch of ul¬ 
nar nerve; interossei are also shown. 
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the middle finger (Fig. 9-59); the third, on the me¬ 
dial side of the same bone; and the fourth, on the 
medial side of the base of the proximal phalanx of 
the ring finger. In addition, all the interossei are 
inserted into the extensor expansion of the digit on 
which they act (Fig. 9-55). 


Nerve Supply 

Deep branch of the ulnar nerve. 


Action 

They abduct the fingers away from the center of 
the third finger at the metacarpophalangeal joints, 
flex the metacarpophalangeal joints, and extend 
the interphalangeal joints (Fig. 9-59). 


Short Muscles of the Thumb 

The short muscles of the thumb are the abductor 
pollicis brevis, the flexor pollicis brevis, the oppo- 
nens pollicis, and the adductor pollicis. The first 
three of these muscles form the thenar eminence. 


ABDUCTOR POLLICIS BREVIS (FIGS. 9-53 
AND 9-56) ___ 

Origin __ 

From the scaphoid, the trapezium, and the flexor 
retinaculum. 


Insertion_ 

Into the lateral aspect of the base of the proximal 
phalanx of the thumb with the flexor pollicis 
brevis. 


Nerve Supply 

Median nerve. 


Action__ 

Abduction of the thumb at the carpometacarpal 
joint and the metacarpophalangeal joint. Abduc¬ 
tion of the thumb may be defined as a movement 
forward of the thumb in the anteroposterior plane. 


FLEXOR POLLICIS BREVIS (FIGS. 9-53 
AND 9-56) 

Origin 

From the anterior surface of the flexor retinacu¬ 
lum. 


Insertion 

Into the lateral aspect of the base of the proximal 
phalanx of the thumb with the abductor pollicis 
brevis. A small sesamoid bone is usually present in 
the combined tendon. 


Nerve Supply 
Median nerve. 


Action 

Flexes the metacarpophalangeal joint of the 
thumb. 


OPPONENS POLLICIS (FIGS. 9-56 

AND 9-57)_ 

Origin 

From the anterior surface of the flexor retinacu¬ 
lum. 


Insertion 

Into the whole length of the lateral border of the 
shaft of the first metacarpal bone. 


Nerve Supply 
Median nerve. 


Action 

Pulls the thumb medially and forward across the 
palm, so that the palmar surface of the tip of the 
thumb mav come into contact with the palmar 
surface of the tips of the other fingers. It is a very 
important muscle and enables the thumb to form 
one claw in the pincer-like action used in the pick¬ 
ing up of objects. 







































Dorsal interossei 


Palmar interossei 



Fig. 9-59. Origins and insertions of palmar and dor¬ 
sal interossei muscles; actions of these muscles are 
also shown. 

This complex movement involves a flexion of the 
carpometacarpal and metacarpophalangeal joints 
and a small amount of abduction and medial ro¬ 
tation of the metacarpal bone at the carpometa¬ 
carpal joint. 


ADDUCTOR POLLICIS (FIG. 9-57) 

Origin 

The oblique head arises from the anterior surfaces 
of the bases of the second and third metacarpals 
and the adjoining carpal bones. The transverse 


head arises from the anterior surface of the shaft 
of the third metacarpal bone. 


Insertion 

The fibers from the two heads converge and are 
inserted with the first palmar interosseus muscle 
by a common tendon into the medial side of the 
base of the proximal phalanx of the thumb. A 
small sesamoid bone is usually present in the com¬ 
bined tendon. 


Nerve Supply 

A deep branch of the ulnar nerve. 
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Action 

Adduction of the thumb at the carpometacarpal 
and at the metacarpophalangeal joint. 

Adduction of the thumb may be defined as a 
movement backward of the abducted thumb in the 
anteroposterior plane. It restores the thumb to its 
anatomical position, which is flush with the palm. 
The adductor pollicis is the muscle which, in as¬ 
sociation with the flexor pollicis longus and the op- 
ponens pollicis muscles, is largely responsible for 
the power of the pincers grip of the thumb. 


Short Muscles of the Little Finger 

The short muscles of the little finger are the ab¬ 
ductor digiti minimi, the flexor digiti minimi 
brevis, and the opponens digiti minimi, all of 
which together form the hypothenar eminence. 


ABDUCTOR DIGITI MINIMI (FIGS. 9-53 
AND 9-56) 

Origin 

From the pisiform bone. 


Insertion 

Into the medial side of the base of the proximal 
phalanx of the little finger. 


Nerve Supply 

Deep branch of the ulnar nerve. 


Action_ 

Abducts the little finger at the metacarpophalan¬ 
geal joint. 


FLEXOR DIGITI MINIMI (FIGS. 9-53 

AND 9-56) _ 

Origin 

From the anterior surface of the flexor retinacu¬ 
lum. 


Insertion 

Into the medial side of the base of the proximal 
phalanx of the little finger. 


Nerve Supply 

Deep branch of the ulnar nerve. 


Action 

Flexes the little finger at the metacarpophalangeal 
joint. 


OPPONENS DIGITI MINIMI (FIGS. 9-56 
AND 9-57) 


Origin 

From the anterior surface of the flexor retinacu¬ 
lum. 


Insertion 

Into the whole length of the medial border of the 
fifth metacarpal bone. 


Nerve Supply 

Deep branch of the ulnar nerve. 


Action 

This muscle is capable of rotating only the fifth 
metacarpal bone to a slight degree. However, it as¬ 
sists the flexor digiti minimi in flexing the carpo¬ 
metacarpal joint of the little finger, thereby pulling 
the fifth metacarpal bone forward and cupping the 
palm. 


Small Muscles of the Hand—Their Nerve 
Supply and Action 

Students wishing to review the small muscles of the 
hand should study Table 9-8. 
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Table 9-8. Small Muscles of the Hand 




Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Pal mar is brevis 

Flexor 

retinaculum, 

palmar 

aponeurosis 

Skin of palm 

Superficial branch 
of ulnar nerve 

Corrugates skin to 
improve grip of palm 

Lumbricals (4) 

Tendons of flexor 

Extensor expansion 

First and second, 

Flex 


digitorum 

of medial four 

i.e., lateral two, 

metacarpophalangeal 

Interossei (8) 

profundus 

fingers 

median nerve; 
third and fourth 
deep branch of 
ulnar nerve 

joints and extend 
interphalangeal joints 
of fingers except 
thumb 

Palmar (4) 

First arises from 

Proximal 

Deep branch of 

Palmar interossei 


base of first 
metacarpal; 
remaining three 
from anterior 
surface of shafts 
of 2, 3, and 4 
metacarpals 

phalanges of 
thumb, index, 
ring, and little 
fingers and 
dorsal extensor 
expansion of 
each finger (Fig. 
9-59) 

ulnar nerve 

adduct fingers toward 
center of third finger 

Dorsal (4) 

Contiguous sides of 

Proximal 

Deep branch of 

Dorsal interossei abduct 

shafts of 

metacarpal 

bones 

SHORT MUSCLES OF THUMB 

phalanges of 
index, middle, 
and ring fingers 
and dorsal 
extensor 
expansion (Fig. 
9-59) 

ulnar nerve 

fingers from center of 
third finger; both 
palmar and dorsal 
flex the 

metacarpophalangeal 
joints and extend the 
interphalangeal joints 

Abductor pollicis 
brevis 

Scaphoid, 

trapezium, 

flexor 

retinaculum 

Base of proximal 
phalanx of 
thumb 

Median nerve 

Abduction of thumb 

Flexor pollicis 
brevis 

Flexor retinaculum 

Base of proximal 
phalanx of 
thumb 

Median nerve 

Flexes 

metacarpophalangeal 
joint of thumb 

Opponens pollicis 

Flexor retinaculum 

Shaft of 

metacarpal bone 
of thumb 

Median nerve 

Pulls thumb medially 
and forward across 
palm 

Adductor pollicis 

Oblique head; 
second and third 
metacarpal 
bones; transverse 
head; third 
metacarpal bone 

Base of proximal 
phalanx of 
thumb 

Deep branch of 
ulnar nerve 

Adduction of thumb 






The Palm Of The Hand 501 


Table 9-8. (continued) 





Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

SHORT MUSCLES OF LITTLE FINGER 




Abductor digiti 
minimi 

Pisiform bone 

Base of proximal 
phalanx of little 
finger 

Deep branch of 
ulnar nerve 

Abducts little finger 

Flexor digiti 
minimi 

Flexor retinaculum 

Base of proximal 
phalanx of little 
finger 

Deep branch of 
ulnar nerve 

Flexes little finger 

Opponens digiti 

Flexor retinaculum 

Medial border of 

Deep branch of 

Pulls fifth metacarpal 

minimi 


fifth metacarpal 
bone 

ulnar nerve 

forward as in cupping 
the palm 


Arteries of the Palm of the Hand 

ULNAR ARTERY 

The ulnar artery enters the hand anterior to the 
flexor retinaculum on the lateral side of the ulnar 
nerve and the pisiform bone (Fig. 9-56). The artery 
gives off a deep branch and then continues into the 
palm as the superficial palmar arch. 

The supeifcial palmar arch is a direct contin¬ 
uation of the ulnar artery (Fig. 9-56). On entering 
the palm, it curves laterally behind the palmar 
aponeurosis and in front of the long flexor tendons. 
The arch is completed on the lateral side bv one of 
the branches of the radial artery, either the super¬ 
ficial palmar branch, the radialis indicis, or the 
princeps pollicis. The curve of the arch lies across 
the palm, level with the distal border of the fully 
extended thumb. 

Four digital arteries arise from the convexity of 
the arch and pass to the fingers (Fig. 9-56). The 
most medial artery supplies the medial side of the 
little finger, and the remaining three subdivide into 
two and supply the contiguous sides of the little, 
ring, middle, and index fingers, respectively. 

The deep branch of the ulnar arteiy arises in 
front of the flexor retinaculum, passes between the 
abductor digiti minimi and the flexor digiti min¬ 
imi, and joins the radial artery to complete the 
deep palmar arch (Figs. 9-57 and 9-58). 


RADIAL ARTERY __ 

The radial artery leaves the dorsum of the hand by 
turning forward between the proximal ends of the 


first and second metacarpal bones and the two 
heads of the first dorsal interosseous muscle. (See 
p. 506.) On entering the palm, it curves medially 
between the oblique and transverse heads of the 
adductor pollicis and continues as the deep palmar 
arch (Figs. 9-57 and 9-58). 

The deep palmar arch is a direct continuation of 
the radial artery (Fig. 9-58). It curves medially be¬ 
neath the long flexor tendons and is in contact pos¬ 
teriorly with the metacarpal bones and the inter¬ 
osseous muscles. The arch is completed on the 
medial side bv the deep branch of the ulnar artery. 
The curve of the arch lies across the upper part of 
the palm at a level with the proximal border of the 
extended thumb. The deep branch of the ulnar 
nerve lies within its concavity (Fig. 9-58). 

The deep palmar arch sends branches superiorly, 
which take part in the anastomosis around the 
wrist joint, and infcriorly, to join the digital 
branches of the superficial palmar arch. 

Branches of the Radial Artery in the Palm 

Immediately on entering the palm, the radial ar¬ 
tery gives off: (1) the arteria radialis indicis , which 
supplies the lateral side of the index finger, and (2) 
the arteria princeps pollicis , which divides into two 
and supplies the lateral and medial sides of the 
thumb. 


Nerves of the Palm of the Hand 

MEDIAN NERVE_ 

The median nerve enters the palm beneath the 
flexor retinaculum (Fig. 9-56) and immediately di- 
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vidcs into lateral and medial branches. The lateral 
branch gives off: (1) a muscular branch , which 
supplies the abductor pollicis brevis, the flexor pol- 
licis brevis, the opponens pollicis, and the first 
lumbrical muscles; and (2) cutaneous branches to 
both sides of the anterior surface of the thumb and 
the lateral side of the index finger. 

The medial branch divides into two, which give 
oft': (1) a muscular branch to the second lumbrical 
muscle, and (2) cutaneous branches to the adjacent 
sides of the index and middle fingers and the ad¬ 
jacent sides of the middle and ring fingers. 

In summary: In the palm, the median nerve sup¬ 
plies the three muscles of the thenar eminence and 
the first two lumbrical muscles and gives cuta¬ 
neous branches to the palmar aspect of the lateral 
three and one-half fingers. Note that the digital 
branches not only supply the whole palmar aspect 
of the fingers, but supply the distal half of the dor¬ 
sal aspect of each finger as well. Note also that the 
palmar cutaneous branch of the median nerve 
given off in the front of the forearm (Fig. 9-53) 
crosses anterior to the flexor retinaculum and sup¬ 
plies the skin over the lateral part of the palm (Fig. 
9-34). 


ULNAR NERVE 

The ulnar nerve enters the palm anterior to the 
flexor retinaculum alongside the lateral border of 
the pisiform bone (Figs. 9-53 and 9-56). As it 
crosses the retinaculum, it divides into a superficial 
and a deep terminal branch. 


Superficial Branch of the Ulnar Nerve 

The superficial branch of the ulnar nerve descends 
into the palm, hang in the subcutaneous tissue be¬ 
tween the pisiform bone and the hook of the ha¬ 
mate (Figs. 9-53 and 9-56). The ulnar arterv is on 
its lateral side. It gives off the following branches: 

(1) a muscular branch to the palmaris brevis and 

(2) cutaneous branches to the palmar aspect of the 
medial side of the little finger and the adjacent 
sides of the little and ring fingers (Fig. 9-56). 


Deep Branch of the Ulnar Nerve 

The deep branch of the ulnar nerve runs backward 
between the abductor digiti minimi and the flexor 


digiti minimi (Fig. 9-57). It pierces the opponens 
digiti minimi, winds around the lower border of 
the hook of the hamate, and passes laterally within 
the concavity of the deep palmar arch. The nerve 
lies behind the long flexor tendons and in front of 
the metacarpal bones and interosseous muscles. It 
gives off muscular branches to the abductor digiti 
minimi, the flexor digiti minimi, and the opponens 
digiti minimi. It supplies all the palmar and dorsal 
interossei, the third and fourth lumbrical muscles, 
and both heads of the adductor pollicis muscle. 

In summary: In the palm, the ulnar nerve sup¬ 
plies the three muscles of the hvpothenar emi¬ 
nence, the palmaris brevis, the third and fourth 
lumbrical muscles, all the interossei muscles, and 
the adductor pollicis muscle. It gives cutaneous 
branches to the palmar aspect of the medial one 
and one-half fingers. Note that the digital branches 
supply not only the whole palmar aspect of the fin¬ 
gers, but also the distal half of the dorsal aspect of 
each finger. Note also that the palmar cutaneous 
branch of the ulnar nerve given off in the front of 
the forearm crosses anterior to the flexor retinac¬ 
ulum (Fig. 9-52) and supplies the skin over the me¬ 
dial part of the palm (Fig. 9-34). 


Fascial Spaces of the Palm 

Normally, the fascial spaces of the palm are poten¬ 
tial spaces filled with loose connective tissue. Their 
boundaries are important clinically, since they may 
limit the spread of infection in the palm. 

The triangle-shaped palmar aponeurosis fans 
out from the lower border of the flexor retinacu¬ 
lum (Fig. 9-53). From its medial border a fibrous 
septum passes backward and is attached to the an¬ 
terior border of the fifth metacarpal bone (Fig. 9- 
60). Medial to this septum is a fascial compart¬ 
ment containing the three hypothenar muscles; 
this compartment is unimportant clinically. From 
the lateral border of the palmar aponeurosis, a sec¬ 
ond fibrous septum passes obliquely backward to 
the anterior border of the third metacarpal bone 
(Fig. 9-60). Usually, the septum passes between the 
long flexor tendons of the index and middle fingers. 
This second septum divides the palm up into the 
thenar space, which lies lateral to the septum (and 
must not be confused with the fascial compart¬ 
ment containing the thenar muscles), and the mid- 
palmar space, which lies medial to the septum 
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Fig. 9-60. Palmar and pulp fascial spaces. 
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(Fig. 9-60). Proximally, the thenar and midpalmar 
spaces are closed off from the forearm by the walls 
of the carpal tunnel. Distally, the two spaces are 
continuous with the appropriate lumbrical canals 
(Fig. 9-60). 

The thenar space contains the first lumbrical 
muscle and lies posterior to the long flexor tendons 
to the index finger and in front of the adductor pol- 
icis muscle (Fig. 9-60). 

The midpalmar space contains the second, third, 
and fourth lumbrical muscles and lies posterior to 
the long flexor tendons to the middle, ring, and lit¬ 
tle finders. It lies in front of the interossei and the 
third, fourth, and fifth metacarpal bones (Fig. 
9-60) 

The lumbrical canal is a potential space sur¬ 
rounding the tendon of each lumbrical muscle and 
is normally filled with connective tissue. Proxi- 
mallv, it is continuous with one of the palmar 

spaces. 


Pulp Space of the Fingers 

The deep fascia of the pulp of each finger fuses 
with the periosteum of the terminal phalanx just 
distal to the insertion of the long flexor tendons and 
closes off a fascial compartment, known as the 
pulp space (Fig. 9-60). Each pulp space is subdi¬ 
vided bv the presence of numerous septa, which 
pass from the deep fascia to the periosteum. 
Through the pulp space, which is filled with fat, 
runs the terminal branch of the digital artery that 
supplies the diaphysis of the terminal phalanx. 
Thrombosis of this vessel, caused by infection of 
the pulp space, will result in necrosis of the diaph- 
vsis of this bone. The epiphysis of the distal phal¬ 
anx receives its blood supply proximal to the pulp 
space. 

THE DORSUM OF THE HAND 
Skin 

The skin on the dorsum of the hand is thin, hairy, 
and freely mobile on the underlying tendons and 
bones. 

The sensoiy nerve supply to the skin on the dor¬ 
sum of the hand is derived from the superficial 
branch of the radial nerve and the posterior cuta¬ 
neous branch of the ulnar nerve. 

The superficial branch of the radial neive winds 


around the radius deep to the brachioradialis ten¬ 
don, descends over the extensor retinaculum, and 
supplies the lateral two-thirds of the dorsum of the 
hand (Fig. 9-34). It divides into a number of dorsal 
digital nerves, which supply the thumb, the index 
finger, and the lateral side of the middle finger. The 
area of skin on the back of the hand supplied by 
the radial nerve is subject to variation. 

The posterior cutaneous branch of the ulnar 
nerve winds around the ulna deep to the flexor 
carpi ulnaris tendon, descends over the extensor 
retinaculum, and supplies the medial third of the 
dorsum of the hand (Fig. 9-34). It divides into a 
number of dorsal digital nerves, which supply the 
medial side of the middle finger and the sides of 
the ring and little fingers. 

The dorsal digital branches of the radial and ul¬ 
nar nerves do not extend very far beyond the prox¬ 
imal phalanx. The remainder of the dorsum of 
each finger receives its nerve supply from palmar 
digital nerves. 


Dorsal Venous Arch (or Network) 

The dorsal venous arch lies in the subcutaneous tis¬ 
sue proximal to the metacarpophalangeal joints 
and drains on the lateral side into the cephalic vein, 
and on the medial side, into the basilic vein (Fig. 
9-7). The greater part of the blood from the whole 
hand drains into the arch, which receives digital 
veins and freely communicates with the deep veins 
of the palm through the interosseous spaces. 


Insertion of the Long 
Extensor Tendons 

The four tendons of the extensor digitorum emerge 
from under the extensor retinaculum and fan out 
over the dorsum of the hand (Fig. 9-61). The ten¬ 
dons are embedded in the deep fascia, and together 
they form the roof of a subfascial space, which oc¬ 
cupies the whole width of the dorsum of the hand. 
Strong oblique fibrous bands connect the tendons 
to the little, ring, and middle fingers, proximal to 
the heads of the metacarpal bones. The tendon to 
the index finger is joined on its medial side by the 
tendon of the extensor indicis, and the tendon to 
the little finger is joined on its medial side by the 
two tendons of the extensor digiti minimi (Fig. 
9-61). 
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Fig. 9-61. Dorsal surface of hand, showing long ex* 
tensor tendons and their synovial sheaths. 
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On the posterior surface of each finger, the ex¬ 
tensor tendon joins the fascial expansion called the 
extensor expansion (Fig. 9-61). Near the proximal 
interphalangeal joint, the extensor expansion splits 
into three parts: a central part, which is inserted 
into the base of the middle phalanx, and two lat¬ 
eral parts, which converge to be inserted into the 
base of the distal phalanx (Fig. 9-55). 

The dorsal extensor expansion receives the ten¬ 
don of insertion of the corresponding interosseous 
muscle on each side, and farther distallv, receives 
the tendon of the lumbrical muscle on the lateral 
side (Fig. 9-55). 


The Radial Arteiy on the Dorsum 
of the Hand 

The radial artery winds around the lateral margin 
of the wrist joint, beneath the tendons of the ab¬ 
ductor pollicis longus and extensor pollicis brevis, 
and lies on the lateral ligament of the joint (Fig. 9- 
51). On reaching the dorsum of the hand, the ar¬ 
tery descends beneath the tendon of the extensor 
pollicis longus to reach the interval between the 
two heads of the first dorsal interosseous muscle; 
here, the artery turns forward to enter the palm of 
the hand. (See p. 501.) 

Branches of the radial arter\> on the dorsum of 
the hand take part in the anastomosis around the 
wrist joint. Dorsal digital arteries pass to the 
thumb and index finger (Fig. 9-51). 


ELBOW JOINT 

Articulation 

This occurs between the trochlea and capitulum of 
the humerus and the trochlear notch of the ulna 
and the head of the radius (Fig. 9-62). The articular 
surfaces are covered with hyaline cartilage. 


Type 

It is a synovial hinge joint. 


Capsule 

Anteriorly , it is attached above to the humerus 
along the upper margins of the coronoid and radial 
fossae and to the front of the medial and lateral 


epicondvles. Below, it is attached to the margin of 
the coronoid process of the ulna and to the anular 
ligament, which surrounds the head of the radius. 

Posteriorly , it is attached above to the margins of 
the olecranon fossa of the humerus. Below, it is at¬ 
tached to the upper margin and sides of the olecra¬ 
non process of the ulna and to the anular ligament. 


Ligaments (Fig. 9-62). 

The lateral ligament is triangular in shape and is 
attached bv its apex to the lateral epicondvle of the 
humerus, and by its base to the upper margin of 
the anular ligament. 

The medial ligament is also triangular in shape 
and consists principally of three strong bands: (1) 
The anterior band, which passes from the medial 
epicondvle of the humerus to the medial margin of 
the coronoid process. (2) The posterior band, 
which passes from the medial epicondvle of the hu¬ 
merus to the medial side of the olecranon. (3) The 
transverse band, which passes between the ulnar 
attachments of the two preceding bands. 


Synovial Membrane 

This lines the capsule and covers the floors of the 
coronoid, radial, and olecranon fossae; it is contin¬ 
uous below with the svnovial membrane of the su¬ 
perior radioulnar joint. 


Nerve Supply 

Branches from the median, ulnar, musculocuta¬ 
neous, and radial nerves. 


Movements 

The elbow joint is capable of flexion and extension. 
Flexion is limited by the anterior surfaces of the 
forearm and arm coming into contact. Extension is 
checked by the tension of the anterior ligament and 
the brachialis muscle. Flexion is performed by 
the brachialis, biceps brachii, brachioradialis, and 
pronator teres muscles. Extension is performed by 
the triceps and anconeus muscles. 

It should be noted that the long axis of the ex¬ 
tended forearm lies at an angle to the long axis of 
the arm. This angle, which opens laterally, is called 
the canying angle and is about 170 degrees in the 
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Fig. 9-62. Right elbow joint. 
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male and 167 degrees in the female. The angle dis¬ 
appears when the elbow joint is fully flexed. 


Important Relations 

Anteriorly 

The brachialis, the tendon of the biceps, the me¬ 
dian nerve, and the brachial artery. 


Posteriorly 

The triceps muscle, a small bursa intervening. 


Medially 

The ulnar nerve passes behind the medial epicon- 
dyle and crosses the medial ligament of the joint. 


Laterally 

The common extensor tendon and the supinator. 

The elbow joint is a very stable hinge joint be¬ 
cause of the wrench shape of the trochlear notch of 
the ulna, which fits around the pulley-shaped 
trochlea of the humerus. The joint is also strength¬ 
ened by strong medial and lateral collateral liga¬ 
ments. 


SUPERIOR RADIOULNAR JOINT 

Articulation 

Between the circumference of the head of the ra¬ 
dius and the anular ligament and the radial notch 
on the ulna (Figs. 9-62 and 9-63). 


Type 

It is a svnovial pivot joint. 


Capsule 

The capsule encloses the joint and is continuous 
with that of the elbow joint. 


Ligaments 

The anular ligament is attached to the anterior and 
posterior margins of the radial notch on the ulna 


and forms a collar around the head of the radius 
(Fig. 9-63). It is continuous above with the capsule 
of the elbow joint. It is not attached to the radius. 

The small quadrate ligament extends between 
the neck of the radius and the ulna, just below the 
radial notch. 


Svnovial Membrane 

This is continuous above with that of the elbow 
joint. Below, it is attached to the inferior margin of 
the articular surface of the radius and the lower 
margin of the radial notch of the ulna. 


Nerve Supply 

Branches of the median, ulnar, musculocutaneous, 
and radial nerves. 


Movements 

Pronation and supination of the forearm (see be¬ 
low) . 


Important Relations 
Anteriorlv 

Supinator muscle and the radial nerve. 


Posteriorly 

Supinator muscle and the common extensor ten¬ 
don. 


INFERIOR RADIOULNAR JOINT 

Articulation 

Between the rounded head of the ulna and the ul¬ 
nar notch on the radius (Fig. 9-63). 


Type 

It is a svnovial pivot joint. 


Capsule 

The capsule encloses the joint, but is deficient su¬ 
periorly. 
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Fig« 9-63. Ligaments of superior and inferior ra¬ 
dioulnar joints, wrist joint, carpal joints, and joints 
of the fingers. 
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Fig. 9-64. Relative positions of radius and ulna 
when forearm is fully pronated. 


Ligaments 

Weak anterior and posterior ligaments strengthen 
the capsule. 


Articular Disc 

This is triangular in shape and composed of fibro- 
cartilage. It is attached bv its apex to the lateral 
side of the base of the styloid process of the ulna 
and by its base to the lower border of the ulnar 
notch of the radius (Fig. 9-63). It shuts off the in¬ 


ferior radioulnar joint from the wrist and strongly 
unites the radius to the ulna. 


Synovial Membrane 

This lines the capsule passing from the edge of one 
articular surface to that of the other. A pouch of 
synovial membrane projects upward in front of the 
interosseous membrane for a variable distance be¬ 
yond the joint. 


Nerve Supply 

Anterior interosseous nerve and deep branch of ra¬ 
dial nerve. 
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Movements 

The movements of pronation and supination of the 
forearm involve a rotary movement around a ver¬ 
tical axis at the superior and inferior radioulnar 
joints. The axis passes through the head of the ra¬ 
dius above and the attachment of the apex of the 
triangular artieular disc below. 

In the movement of pronation, the head of the 
radius rotates within the anular ligament, while 
the distal end of the radius with the hand moves 
bodily forward, the ulnar notch of the radius mov¬ 
ing around the eireumferenee of the head of the 
ulna (Fig. 9-64). In addition, the distal end of the 
ulna moves laterally, so that the hand remains in 
line with the upper limb and is not displaced me¬ 
dially. This movement of the ulna is important 
when using an instrument such as a screwdriver, 
sinee it prevents side-to-side movement of the hand 
during the repetitive movements of supination and 
pronation. 

The movement of pronation results in the hand’s 
rotating medially in sueh a manner that the palm 
eomes to faee posteriorly, and the thumb lies on the 
medial side. The movement of supination is a re¬ 
versal of this proeess, so that the hand returns to 
the anatomical position, and the palm faees ante¬ 
riorly. 

Proncition is performed by the pronator teres 
and the pronator quadratus. 

Supination is performed bv the bieeps braehii 
and the supinator. Supination is the more powerful 
of the two movements beeause of the strength of 
the biceps muscle. Sinee supination is the more 
powerful movement, screw threads and the spiral 
of corkserews are made so that the screw and eork- 
serews are driven inward bv the movement of su¬ 
pination in right-handed people. 


Important Relations 

Anteriorly 

The tendons of flexor digitorum profundus. 


Posteriorly 

The tendon of extensor digiti minimi. 


RADIOCARPAL, 

OR WRIST, JOINT _ 

Articulation 

Between the lower end of the radius and the arti¬ 
eular disc above, and the scaphoid, lunate, and tri¬ 
quetral bones below (Fig. 9-63). The proximal ar¬ 
tieular surface forms an ellipsoid concave surface, 
which is adapted to the distal ellipsoid convex sur¬ 
face. 


Type 

It is a synovial ellipsoid joint. 


Capsule 

The eapsule encloses the joint and is attached 
above to the lower ends of the radius and ulna, and 
below to the proximal row of carpal bones. 


Ligaments 

Anterior and posterior ligaments strengthen the 
eapsule. 

The medial ligament is attached to the styloid 
proeess of the ulna and to the triquetral bone (Fig. 
9-63). 

The lateral ligament is attached to the styloid 
proeess of the radius and to the seaphoid bone (Fig. 
9-63). 


Svnovial Membrane 

This lines the eapsule and is attached to the mar¬ 
gins of the artieular surfaces. The joint cavity does 
not eommunieate with that of the inferior radioul¬ 
nar joint, nor with the joint cavities of the interear- 
pal joints. 


Nerve Supply 

Anterior interosseous nerve and the deep branch of 
the radial nerve. 


Movements 

The following movements are possible: flexion, ex¬ 
tension, abduction, adduction, and eireumduetion. 
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Rotation is not possible, since the articular surfaces 
are ellipsoid in shape. The lack of rotation is com¬ 
pensated for bv the movements of pronation and 
supination of the forearm. 

Flexion is performed by the flexor carpi radialis, 
the flexor carpi ulnaris, and the palmaris longus. 
These muscles arc assisted by the flexor digitorum 
superficialis, the flexor digitorum profundus, and 
the flexor pollicis longus. 

Extension is performed by the extensor carpi ra¬ 
dialis longus, the extensor carpi radialis brevis, and 
the extensor carpi ulnaris. These muscles are as¬ 
sisted bv the extensor digitorum, the extensor in- 
dicis, the extensor digiti minimi, and the extensor 
pollicis longus. 

Abduction is performed by the flexor carpi radi¬ 
alis and the extensor carpi radialis longus and 
brevis. These muscles are assisted by the abductor 
pollicis longus and extensor pollicis longus and 
brevis. 

Adduction is performed by the flexor and exten¬ 
sor carpi ulnaris. 


Important Relations 
Anteriorly 

The tendons of the flexor digitorum profundus and 
superficialis, the flexor pollicis longus, the flexor 
carpi radialis, the flexor carpi ulnaris, and the me¬ 
dian and ulnar nerves. 


Posteriorly 

The tendons of the extensor carpi ulnaris, the ex¬ 
tensor digiti minimi, the extensor digitorum, the 
extensor indicis, the extensor carpi radialis longus 
and brevis, the extensor pollicis longus and brevis, 
and the abductor pollicis longus. 


Medially 

The posterior cutaneous branch of the ulnar nerve. 


Laterally 

The radial artery. 


INTERCARPAL JOINTS 

Articulation 

Between the individual bones of the proximal row 
of the carpus; between the individual bones of the 
distal row of the carpus; and finally, the midcarpal 
joint , between the proximal and distal rows of car¬ 
pal bones (Fig. 9-63). 


Type 

They are synovial plane joints. 


Capsule 

The capsule surrounds each joint. 


Ligaments 

The bones are united bv strong anterior, posterior, 
and interosseous ligaments. 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the articular surfaces. The joint cavity of the 
midcarpal joint extends not only between the two 
rows of carpal bones, but also upward between the 
individual bones forming the proximal row and 
downward between the bones of the distal row. 


Nerve Supply 

Anterior interosseous nerve, deep branch of the ra¬ 
dial nerve, and the deep branch of the ulnar nerve. 


Movements 

A small amount of gliding movement is possible. 


CARPOMETACARPAL AND 
EVTERMETACARPAJL JOINTS_ 

The carpometacarpal and intermetacarpal joints 
are synovial plane joints possessing anterior, pos¬ 
terior, and interosseous ligaments. They have a 
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common joint cavity. A small amount of gliding 
movement is possible (Fig. 9-63). 


Carpometacarpal Joint 
of the Thumb 

Articulation 

Between the trapezium and the saddle-shaped base 
of the first metacarpal bone (Fig. 9-63). 


Type 

Synovial saddle-shaped joint. 


Capsule 

The capsule surrounds the joint. 


Synovial Membrane 

This lines the capsule and forms a separate joint 
cavity. 


Movements 

The following movements are possible: flexion, 
extension, abduction, adduction, and a certain 
amount of rotation. 

Flexion. Flexor pollicis brevis and opponens pol- 
licis. 

Extension. Extensor pollicis longus and brevis. 
Abduction. Abductor pollicis longus and brevis. 
Adduction. Adductor pollicis. 

Rotation (Opposition). The thumb is rotated me¬ 
dially by the opponens pollicis. 


METACARPOPHALANGEAL 
JOINTS __ 

Articulations 

Between the heads of the metacarpal bones and the 
bases of the proximal phalanges (Fig. 9-63). 


T yP e 

Synovial ellipsoid joints. 


Capsule 

The capsule surrounds the joint. 


Ligaments 

The palmar ligaments are very strong and contain 
some fibrocartilage. They are firmly attached to 
the phalanx, but less so to the metacarpal bone 
(Fig. 9-63). The palmar ligaments of the second, 
third, fourth, and fifth joints are united by the deep 
transverse metacarpal ligaments , which hold the 
heads of the metacarpal bones together. The ten¬ 
dons of the lumbricals pass in front of the liga¬ 
ments, and the tendons of the interossei pass be¬ 
hind the ligaments. The collateral ligaments are 
cordlike bands present on each side of the joints 
(Fig. 9-63). Each passes downward and forward 
from the head of the metacarpal bone to the base 
of the phalanx. The collateral ligaments are taut 
when the joint is in flexion and lax when the joint 
is in extension. 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the articular surfaces. 


Movements 

The following movements are possible: flexion, ex¬ 
tension, abduction, and adduction. 

Flexion. The lumbricals and the interossei, as¬ 
sisted by the flexor digitorum superficialis and pro¬ 
fundus. 

Extension. Extensor digitorum, extensor indicis, 
and extensor digiti minimi. 

Abduction. Movement away from the midline of 
the third finger is performed by the dorsal inter¬ 
ossei. 

Adduction. Movement toward the midline of the 
third finger is performed by the palmar interossei. 
In the case of the metacarpophalangeal joint of the 
thumb, flexion is performed by the flexor pollicis 
longus and brevis, extension by the extensor pollicis 
longus and brevis. The movements of abduction 
and adduction are performed at the carpometacar¬ 
pal joint. 





























514 


9. The Upper Limb 


INTEm’HALANGEAL JOINTS 

Interphalangeal joints arc synovial hinge joints that 
have a structure similar to that of the metacarpo¬ 
phalangeal joints (Fig. 9-63). 


THE HAND AS A 
FUNCTIONAL UNIT 

The upper limb is a multijointed lever freely mov¬ 
able on the trunk at the shoulder joint. At the distal 
end of the upper limb is the important prehensile 
organ—the hand. Much of the importance of the 
hand is dependent on the pincers action of the 
thumb, which enables one to grasp objects be¬ 
tween the thumb and index finger. The extreme 
mobility of the first metacarpal bone makes the 
thumb functionally as important as all the remain¬ 
ing fingers combined. 

In order to comprehend fully the important po¬ 
sitioning and movements of the hand described in 
this section, the reader is strongly advised to closely 
observe the movements in his own hand. 


Position of the Hand 

For the hand to be able to perform delicate move¬ 
ments, such as those used in the holding of small 
instruments in watch repairing, the forearm is 
placed in the semiprone position, and the wrist 
joint is partially extended. It is interesting to note 
that the forearm bones are most stable in the mid- 
prone position, when the interosseous membrane 
is taut; in other positions of the forearm bones, the 
interosseous membrane is lax. With the wrist par¬ 
tially extended, the long flexor and extensor ten¬ 
dons of the fingers are working to their best me¬ 
chanical advantage; at the same time, the flexors 
and extensors of the carpus can exert a balanced 
fixator action on the wrist joint, ensuring a stable 
base for the movements of the fingers. 

The position of rest is the posture adopted by the 
hand when the fingers are at rest and the hand is 
relaxed (Fig. 9-65). The forearm is in the semi¬ 
prone position; the wrist joint is slightly extended; 
the second, third, fourth, and fifth fingers are par¬ 
tially flexed, although the index finger is not flexed 
as much as the others; and the plane of the thumb¬ 


nail lies at a right angle to the plane of the other 
fingernails. 

The position of filiation is the posture adopted 
by the hand when it is about to grasp an object 
between the thumb and index finger (Fig. 9-65). 
The forearm is in the semiprone position, the wrist 
joint is partially extended (more so than in the po¬ 
sition of rest), the fingers are partially flexed, the 
index finger being flexed as much as the others. 
The metacarpal bone of the thumb is rotated in 
such a manner that the plane of the thumbnail lies 
parallel with that of the index finger, and the pulp 
of the thumb and index finger are in contact. 

The following movements are described with the 
hand in the anatomical position. 


Movements of the Thumb 

Flexion is the movement of the thumb across the 
palm in such a manner as to maintain the plane of 
the thumbnail at right angles to the plane of the 
other fingernails (Fig. 9-65). The movement takes 
place between the trapezium and the first meta¬ 
carpal bone, at the metacarpophalangeal and in¬ 
terphalangeal joints. The muscles producing the 
movement are the flexor pollicis longus and brevis 
and the opponens pollicis. 

Extension is the movement of the thumb in a 
lateral or coronal plane away from the palm in 
such a manner as to maintain the plane of the 
thumbnail at right angles to the plane of'the other 
fingernails (Figs. 9-65 and 9-66A). The movement 
takes place between the trapezium and the first 
metacarpal bone, at the metacarpophalangeal and 
interphalangeal joints. The muscles producing the 
movement are the extensor pollicis longus and 
brevis. 

Abduction is the movement of the thumb in an 
anteroposterior plane away from the palm, the 
plane of the thumbnail being kept at right angles 
to the plane of the other nails (Figs. 9-65 and 9- 
67A). The movement takes place mainly between 
the trapezium and the first metacarpal bone; a 
small amount of movement takes place at the 
metacarpophalangeal joint. The muscles produc¬ 
ing the movement are the abductor pollicis longus 
and brevis. 

Adduction is the movement of the thumb in an 
anteroposterior plane toward the palm, the plane 
of the thumbnail being kept at right angles to the 












Position of rest 






Fig. 9-65. Various positions of hand and move 
ments of thumb. 
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A 


A 


B 


B 


Fig. 9-67. Left hand (A) with thumb about to move 
pencil aw'av from palm to demonstrate abduction, 
and (B) with thumb about to move pencil in direc¬ 
tion of palm to demonstrate adduction. 


C 


Fig. 9-66. Left hand (A) with fingers abducted and 
thumb extended, (B) with fingers adducted and 
thumb adducted, and (C) with thumb in position 
of opposition. 


plane of the other fingernails (Fig. 9-65 and 9-67B). 
The movement takes place between the trapezium 
and the first metacarpal bone. The muscle produc¬ 
ing the movement is the adductor pollicis. 

Opposition is the movement of the thumb across 
the palm in such a manner that the anterior sur¬ 
face of the tip comes into contact with the anterior 
surface of the tip of anv of the other fingers (Figs. 
9-65 and 9-66C). The movement is accomplished 
bv the medial rotation of the first metacarpal bone 
and the attached phalanges on the trapezium. The 
plane of the thumbnail comes to lie parallel with 
the plane of the nail of the opposed finger. The 
muscle producing the movement is the opponens 
pollicis. 


Movements of the Index , Middle, Ring , 
and Little Fingers 




Flexion is the movement forward of the finger in 
an anteroposterior plane. The movement takes 
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place at the interphalangeal and metacarpophal¬ 
angeal joints. The distal phalanx is flexed by the 
flexor digitorum profundus, the middle phalanx bv 
the flexor digitorum superficial is, and the proximal 
phalanx bv the lumbricals and the interossei. 

Extension is the movement backward of the fin¬ 
ger in an anteroposterior plane. The movements 
take place at the interphalangeal and metacarpo¬ 
phalangeal joints. The distal phalanx is extended by 
the lumbricals and interossei, the middle phalanx 
by the lumbricals and interossei, and the proximal 
phalanx by the extensor digitorum (in addition, by 
the extensor indicis for the index finger and the ex¬ 
tensor digiti minimi for the little finger). 

Abduction is the movement of the fingers (in¬ 
cluding the middle finger) away from the imagi¬ 
nary midline of the middle finger (Fig. 9-59 and 9- 
66A). The movement takes place at the metacar¬ 
pophalangeal joint. The muscles producing the 
movement are the dorsal interossei; the abductor 
digiti minimi abducts the little finger. 

Adduction is the movement of the fingers toward 
the midline of the middle finger (Fig. 9-66B). The 
movement takes place at the metacarpophalangeal 
joint. The muscles producing the movement are the 
palmar interossei. 

It should be noted that abduction and adduction 
of the fingers is possible only in the extended posi¬ 
tion. In the flexed position of the finger, the arti¬ 
cular surface of the base of the proximal phalanx 
lies in contact with the flattened anterior surface 
of the head of the metacarpal bone. The two bones 
are held in close contact by the collateral liga¬ 
ments, which are taut in this position. In the ex¬ 
tended position of the metacarpophalangeal joint, 
the base of the phalanx is in contact with the 
rounded part of the metacarpal head, and the col¬ 
lateral ligaments are slack. 


Cupping the Hand _ 

In this position, the palm of the hand is formed 
into a deep concavity. To achieve this, the thumb is 
abducted and placed in a partially opposed posi¬ 
tion; it is also slightly flexed. This has the effect of 
drawing the thenar eminence forward. 

The fourth and fifth metacarpal bones are flexed 
and slightly rotated at the carpometacarpal joints. 
This has the effect of drawing the hypothenar em¬ 


inence forward. The palmaris brevis muscle con¬ 
tracts and pulls the skin over the hypothenar em¬ 
inence medially; it also puckers the skin, which 
improves the gripping ability of the palm. 

The index, middle, ring, and little fingers are 
partially flexed; the fingers are also rotated slightly 
at the metacarpophalangeal joints to increase the 
general concavity of the cupped hand. 


Making a Fist 

Making a fist is accomplished by flexing the meta¬ 
carpophalangeal joints and the interphalangeal 
joints of the fingers and thumb. It is performed by 
the contraction of the long flexor muscles of the 
fingers and thumb. For this movement to be car¬ 
ried out efficiently, there must be a synergic con¬ 
traction of the extensor carpi radialis longus and 
brevis and the extensor carpi ulnaris muscles in or¬ 
der to extend the wrist joint. (Try to make a “strong 
fist” with the wrist joint flexed—it is very difficult.) 


RADIOGRAPHIC APPEARANCES 
OF THE UPPER LIMB 

Radiological examination of the upper limb con¬ 
centrates mainlv on the bony structures, since the 
muscles, tendons, and nerves blend into a homo¬ 
geneous mass. Blood vessels may be visualized by 
using special contrast media. The radiographic ap¬ 
pearances of the upper limb of the adult as seen on 
routine X-ray examination will be described in this 
section. The practicing radiologist must be cogni¬ 
zant of the age changes that take place in the body 
and how these will influence the radiographic ap¬ 
pearances. For example, knowing the times at 
which the primary and secondary centers of ossi¬ 
fication appear in the different bones and the dates 
at which they fuse is fundamental, since without 
this information an epiphyseal line could be mis¬ 
taken for a fracture. It is useful to remember that 
a person has two upper limbs and that the normal 
side mav serve as a baseline for comparison with 
the potentially abnormal side. 
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Fig. 9-68. Anteroposterior radiograph of shoulder 
region in adult. 


Radiographic Appearances of 
the Shoulder Region 

The views of the shoulder region commonly used 
are (1) the anteroposterior and (2) the inferosupe- 
rior. 

The anteroposterior view is taken with the film 
cassette placed posterior to the shoulder and the X- 
ray tube positioned in front of the shoulder. This 
view (Fig. 9-68) shows the outer two-thirds of the 
clavicle, separated from the acromion process of 
the scapula by a gap that represents the acromio¬ 
clavicular joint; the presence of the fibrocartilagi¬ 
nous disc within the joint explains the gap. The 


acromion process is seen above the head of the hu¬ 
merus and continuous with the spine of the scap¬ 
ula. The coracoid process of the scapula is seen 
projecting upward and forward. The glenoid fossa 
is not seen in complete profile and is overlapped to 
a variable extent by the head of the humerus. It 
should be possible, however, to delineate the mar¬ 
gins of the glenoid fossa. The greater part of the 
scapula is projected behind the upper part of the 
thoracic cage, and there is consequent loss of de¬ 
tail. The superior and inferior angles of the scapula 
are shown, as well as its superior, lateral, and me¬ 
dial borders. 


Fig. 9-69. Anteroposterior radiograph of elbow' re¬ 
gion in adult. 
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Fig. 9-70. Lateral radiograph of elbow region in 
adult. 


The upper third of the humerus is well visual¬ 
ized. The smooth, rounded head projects upward 
and medially, and the greater tuberosity projects 
laterally. The junction between the upper part of 
the head of the humerus and the anatomical neck 
shows as a notch. The lesser tuberosity is seen “face 
on"; although superimposed on the bone, it can 
usually be recognized. The bicipital groove cannot 
be seen. The surgical neck of the humerus is well 
seen. 

The subacromial bursa and the tendons of the 
short muscles around the shoulder joint cannot 
normally be identified. 

The inferosuperior view is taken with the film 
cassette placed superior to the shoulder and the X- 


rav tube positioned between the elbow and flank 
and directed upward through the axilla. The shoul¬ 
der joint is abducted and externally rotated, and 
the forearm and hand are supported in a comfort¬ 
able position. The coracoid process is seen project¬ 
ing anteriorly; the acromion process and the spine 
of the scapula are seen posteriorly. The clavicle and 
the glenoid fossa are well seen. The lateral border 
of the scapula is seen as a shadow running postero- 
mediallv from the glenoid fossa, and since it is su¬ 
perimposed on other parts of the scapula, it may 
cause confusion. The rounded head of the humerus 
and the lesser tuberosity are well delineated. The 
surgical neck of the humerus is clearly seen. 
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Fig. 9-71. Postero-anterior radiograph of adult 
wrist and hand. 
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Fig. 9-72. Lateral radiograph of adult wrist and 
hand. 


Radiographic Appearances of 
the Elbow Region 

The views of the elbow region commonly used are 
(1) anteroposterior and (2) lateral. The lower end 
of the humerus, the upper ends of the radius and 
ulna , and the elbow and superior radioulnar joints 
are visualized. 

The anteroposterior view is taken with the arm 
immobilized, the elbow joint extended, and the ra¬ 
dioulnar joints in the supine position. The film cas¬ 
sette is placed behind the elbow joint, and the X- 
ray tube is directed into the cubital fossa. 

The lateral and medial epicondyles of the hu¬ 
merus are clearly seen (Fig. 9-69). The olecranon 
and coronoid fossae of the humerus, being super¬ 
imposed, produce an area of transradiancy. A par¬ 
allel translucent gap extends across the joint be¬ 
tween the rounded capitulum and the upper 
surface of the head of the radius, and the trochlea 
and coronoid process. It is due to the presence of 
the articular cartilage covering the articular sur¬ 
faces. The head, neck, and bicipital tuberosity of 
the radius are clearly seen. The olecranon and cor¬ 
onoid processes of the ulna are also seen, and the 
superior radioulnar joint may be visualized. 

The lateral view is taken with the elbow joint 
flexed to 90 degrees. The shoulder joint is abducted 


to a right angle, and the arm is placed at the same 
level as the shoulder. The film cassette is placed 
against the medial epicondyle, and the X-ray tube 
is directed along an imaginary line connecting the 
two epicondyles. The medial and lateral supracon¬ 
dylar ridges and the medial and lateral epicondyles 
of the humerus are superimposed, but the latter 
may be recognized by tracing the long axis of the 
radius superiorly (Fig. 9-70). The olecranon and 
coronoid processes of the ulna may be seen. The 
greater part of the head of the radius may be vis¬ 
ualized, although the posterior half is partially ob¬ 
scured by the coronoid process of the ulna. 


Radiographic Appearances of 
the Wrist and Hand 

The views commonly used are (1) posteroanterior 
and (2) lateral. The lower ends of the radius and 
ulna, the inferior radioulnar joint, and the carpal 
and proximal ends of the metacarpal bones are vis¬ 
ualized. 

The postero-anterior view is taken with the fore¬ 
arm pronated and the fingers partially flexed. The 
film cassette is placed against the palm of the 
hand, and the X-ray tube is directed onto the dorsal 
surface of the hand. The lower ends of the radius 
and ulna, with their styloid processes, can be seen, 
and the radial styloid process is seen to extend far¬ 
ther distallv than that of the ulna (Fig. 9-71). The 
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Fig. 9-73. Lateral radiograph of adult wrist and 
hand with fingers at different degrees of flexion. 
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proximal row of carpal bones is seen with the pi¬ 
siform bone superimposed on the triquetral bone. 
The distal row of carpal bones is also seen, and the 
hook of the hamate can be visualized as a small 
oval area of increased density. The joint spaces of 
the carpal, wrist, and inferior radioulnar joints can 
be seen. 

The different parts of the metacarpal bones and 
phalanges may also be seen. The sesamoid bones 
of the abductor pollicis brevis and flexor pollicis 
brevis tendons and the tendons of the adductor pol¬ 
licis and the first palmar interosseous muscle can 
usually be recognized. The sesamoid bones overlap 
the first metacarpophalangeal joint. 


The lateral view is taken with the forearm in the 
semiprone position. The film cassette is placed 
against the medial border of the hand and the X- 
rav tube is directed through the carpus (Figs. 9-72 
and 9-73). The articulation of the radius with the 
lunate is well shown on this view. The concave dis¬ 
tal surface of the lunate articulating with the cap¬ 
itate is also seen. The pisiform bone is visualized 
anteriorlv and mav overlap the scaphoid bone. 

Owing to the great frequency of fractures of the 
scaphoid bone, and the difficulty often experienced 
in visualizing its midsection radiographically, a 
number of oblique views of the carpus are some¬ 
times necessarv. 


CLINICAL NOTES 

Arteries of the Upper Limb 

The arteries of the upper limb may be damaged by 
penetrating wounds or may require ligation in am¬ 
putation operations. Because of the existence of an 
adequate collateral circulation around the shoul¬ 
der, elbow, and wrist joints, ligation of the main 
arteries of the upper limb is not followed by tissue 
necrosis or gangrene, provided, of course, that the 
arteries forming the collateral circulation are not 
diseased and the patient’s general circulation is sat¬ 
isfactory. Nevertheless, it may take days or weeks 
for the collateral vessels to open up sufficiently to 
provide the distal part of the limb with the same 
volume of blood as previously supplied by the main 
artery. 

A clinician must know where the arteries of the 
upper limb can be palpated or compressed in an 
emergency. The subclavian artery, as it crosses the 
first rib to become the axillary artery, may be pal¬ 
pated in the root of the posterior triangle of the 
neck. The artery may be compressed here against 
the first rib and so stop a catastrophic hemorrhage. 
The third part of the axillary arteiy may be felt in 
the axilla as it lies in front of the teres major mus¬ 
cle. The brachial arteiy can be palpated in the arm 
as it lies on the brachialis and is overlapped from 
the lateral side by the biceps brachii. 

The radial artery lies superficially in front of the 
distal end of the radius, between the tendons of the 
brachioradialis and flexor carpi radialis; it is here 
that the clinician takes the radial pulse. If the pulse 


cannot be felt, try feeling for the radial arteiy on 
the other wrist; occasionally a congenitally abnor¬ 
mal radial artery may be difficult to feel. The ra¬ 
dial artery may be less easily felt as it crosses the 
anatomical snuffbox. 

The ulnar arterv mav be palpated as it crosses 
anterior to the flexor retinaculum in company with 
the ulnar nerve. The artery lies lateral to the pisi¬ 
form bone, separated from it bv the ulnar nerve. 
The arterv is commonlv damaged here in lacera- 
tion wounds in front of the wrist. 


Allen Test 

This test is used to determine the patency of the 
ulnar and radial arteries. With the patient’s hands 
resting in his lap, compress the radial arteries 
against the anterior surface of each radius, and ask 
the patient to tightly clench his fists. The clenching 
of the fists closes off the superficial and deep pal¬ 
mar arterial arches. When the patient is asked to 
open his hands, the skin of the palms is at first 
white in color, and then normally the blood quickly 
flows into the arches through the ulnar arteries, 
causing the palms to promptly turn pink. This es¬ 
tablishes that the ulnar arteries are patent. The 
patency of the radial arteries can be established by 
repeating the test, but this time compress the ulnar 
arteries as they lie lateral to the pisiform bones. 

The arteries of the upper limb are hinervated by 
sympathetic nerves. The preganglionic fibers origi¬ 
nate from cell bodies in the second to eighth tho- 
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racic segments of the spinal cord. They ascend in 
the sympathetic trunk and synapse in the middle 
cervical, inferior cervical, first thoracic, or stellate 
ganglia. The postganglionic fibers join the nerves 
that form the brachial plexus and are distributed 
to the arteries within the branches of the plexus. 
For example, the digital arteries of the fingers are 
supplied by postganglionic sympathetic fibers that 
run in the digital nerves. Vasospastic diseases in¬ 
volving digital arterioles, such as Raynaud's dis¬ 
ease , may require a cervicodorsal preganglionic 
sympathectomy to prevent necrosis of the fingers. 
The operation is followed by arterial vasodilata¬ 
tion, with consequent increased blood flow to the 
upper limb. 

Veins of the Upper Limb 

The veins of the upper limb may be divided into 
two groups, the superficial and the deep. The deep 
veins comprise the venae comitantes, which ac- 
companvall the large arteries, usually in pairs, and 
the axillary vein. Spontaneous thrombosis of the ax¬ 
illary vein occasionally occurs following excessive 
and unaccustomed movements of the arm at the 
shoulder joint. The superficial veins are clinically 
much more important and are used for venipunc¬ 
ture, transfusion, and cardiac catheterization. It is 
important that every physician, in an emergency, 
know where he can give blood or obtain blood 
from the arm. Unfortunately, when a patient is in 
a state of shock, the superficial veins are not always 
visible. The cephalic vein lies fairly constantly in 
the superficial fascia, immediately posterior to the 
styloid process of the radius. In the cubital fossa, 
the median cubital vein is separated from the un¬ 
derlying brachial arteiy bv the bicipital aponeu¬ 
rosis. This is important, since it protects the artery 
from the mistaken introduction into its lumen of 
irritating drugs, which should have been injected 
into the vein. The cephalic vein, in the deltopec- 
toral triangle, frequently communicates with the 
external jugular vein by a small vein that crosses in 
front of the clavicle. Fracture of the clavicle may 
result in rupture of this communicating vein, with 
the formation of a large hematoma. 

Lymphatics of the Upper Limb_ 

Infection of the lymphatic vessels ( lymphangitis ) of 
the arm is a common occurrence. Red streaks along 


the course of the lymphatic vessels is characteristic 
of the condition. The lymphatics from the thumb 
and index finger and the lateral part of the hand 
follow the cephalic vein to the infraclavicular 
group of axillary nodes; those from the middle, 
ring, and little fingers, and from the medial part of 
the hand, follow the basilic vein to the supratroch¬ 
lear node, which lies in the superficial fascia just 
above the medial epicondvle of the humerus, and 
thence to the lateral group of axillary nodes. Once 
the infection reaches the lymph nodes, they be¬ 
come enlarged and tender, a condition known as 
lymphadenitis. Most of the lymph vessels from the 
fingers and palm pass to the dorsum of the hand 
before passing up into the forearm. This explains 
the frequency of inflammatory edema, or even ab¬ 
scess formation, which may occur on the dorsum 
of the hand following infection of the fingers or 
palm. 


Mammary Glands 

The mammary gland is one of the common sites of 
cancer in women. It is also the site of different 
types of benign tumors and may be subject to acute 
inflammation and abscess formation. For these 
reasons, the clinician must be familiar with the de¬ 
velopment, structure, and lymphatic drainage of 
this organ. 


Breast Examination 

With the patient undressed to the waist and sitting 
upright, the mammary glands are first inspected 
for symmetry. Some degree of asymmetry is com¬ 
mon and is the result of unequal breast develop¬ 
ment. Anv swelling should be noted. A swelling 
mav be due to an underlying tumor, cyst, or ab¬ 
scess formation. The nipples should be carefully ex¬ 
amined for evidence of retraction. A carcinoma 
within the breast substance can cause retraction of 
the nipple bv pulling on the lactiferous ducts. The 
patient is then asked to lie down so that the breasts 
can be palpated against the underlying thoracic 
wall. Finally the patient is asked to sit up again and 
raise both arms above her head. With this maneu¬ 
ver a carcinoma tethered to the skin, the suspen¬ 
sory ligaments, or the lactiferous ducts will pro¬ 
duce dimpling of the skin or retraction of the 
nipple. 
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Supernumerary nipples occasionally occur along 
a line extending from the axilla to the groin; they 
mav or mav not be associated with breast tissue. 
This minor congenital anomaly may result in a 
mistaken diagnosis of warts or moles. A long¬ 
standing retracted nipple is a congenital deformity 
due to a failure in the complete development of the 
nipple. A retracted nipple of recent occurrence is 
usually due to an underlying carcinoma pulling on 
the lactiferous ducts. 

The interior of the mammary gland is divided 
into fifteen to twenty compartments, which radiate 
out from the nipple bv fibrous septa that extend 
from the deep surface of' the skin. Each compart¬ 
ment contains a lobe of’ the gland. Normally, the 
skin feels completely mobile over the breast sub¬ 
stance. However, should the fibrous septa become 
involved in a scirrhous carcinoma, or in a disease 
such as a breast abscess, which results in the pro¬ 
duction of contracting fibrous tissue, the septa will 
be pulled upon, causing dimpling of the skin. The 
fibrous septa are sometimes referred to as the sus¬ 
pensory ligaments of the mammary gland. 

An acute infection of the mammary gland may 
occur during lactation. Pathogenic bacteria gain 
entrance to the breast tissue through a crack in the 
nipple. Because of the presence of the fibrous septa, 
the infection remains localized to one compart¬ 
ment or lobe to begin with. Should an abscess oc¬ 
cur, it should be drained through a radial incision 
to avoid spreading of’the infection into neighboring 
compartments; a radial incision will also minimize 
the damage to the radially arranged ducts. 

The importance of knowing the lymphatic drain¬ 
age of the breast in relation to the spread of cancer 
from that organ cannot be overemphasized. The 
lymphatic vessels from the medial half of the 
breast pierce the second, third, and fourth inter¬ 
costal spaces and enter the thorax to drain into the 
lymph nodes alongside the internal thoracic artery. 
The lymphatic vessels from the lateral half of the 
breast drain into the anterior or pectoral group of 
axillary nodes. It follows, therefore, that a cancer 
occurring in the lateral half of the breast will tend 
to spread to the axillary nodes. Thoracic metastascs 
are difficult or impossible to treat, but the lymph 
nodes of the axilla may be removed surgically. 

Fortunately, about 60 percent of carcinomas of 
the breast occur in the upper lateral quadrant. The 
lymphatic spread of cancer to the opposite breast, 


to the abdominal cavity, or into lymph nodes in the J 
root of the neck is due to obstruction of the normal - 
lymphatic pathways by malignant cells or destruc¬ 
tion of lymphatic vessels by surgery or radiother- f 
apv. The cancer cells are swept along the lymphatic 
vessels and follow the lymph stream. The entrance \ 
of cancer cells into the blood vessels accounts for 1 
the metastascs in distant bones. 

In patients with localized cancer of the breast, * 
most surgeons do a simple mastectomy followed 
by radiotherapy to the axillary lymph nodes. In pa- ' 
tients with localized cancer of the breast with early 
metastascs in the axillary lymph nodes, most au¬ 
thorities agree that radical mastectomy offers the 
best chance of cure. In those patients in whom the i 
disease has already spread beyond these areas (e.g., 
into the thorax), simple mastectomy, followed by 
radiotherapy or hormone therapy, is the treatment ’ 
of choice. 

Radical mastectomy is designed to remove the 
primary tumor and the lymphatic vessels and 
nodes that drain the area. This means that the 
breast and the associated structures containing the - 
lymphatic vessels and nodes must be removed en 
bloc. The excised mass is therefore made up of the 
following: (1) a large area of skin overlying the tu¬ 
mor and including the nipple; (2) all the breast tis¬ 
sue; (3) the pectoralis major and associated fascia 
through which the lymphatic vessels pass to the in¬ 
ternal thoracic nodes; (4) the pectoralis minor and 
associated fascia related to the lymphatic vessels 
passing to the axilla; (5) all the fat, fascia, and 
lymph nodes in the axilla; (6) the fascia covering 
the upper part of the rectus sheath, the serratus 
anterior, the subscapularis, and the latissimus 
dorsi muscles. The axillary blood vessels, the bra¬ 
chial plexus, and the nerves to the serratus anterior 
and the latissimus dorsi are preserved. Some de¬ 
gree of postoperative edema of the arm is likely to 
follow such a radical removal of the lymphatic ves¬ 
sels draining the upper limb. 

Dermatomes and 
Cutaneous Nerves 

It may be nccessaiy for a physician to test the in¬ 
tegrity of the spinal cord segments of C3 through 
Tl. The diagrams in Figures 1-31 and 1-32 show 
the arrangement of the dermatomes of the upper 
limb. It is seen that the dermatomes for the upper 
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cervical segments C3 to C6 are located along the 
lateral margin of the upper limb; the C7 derma¬ 
tome is situated on the middle finger, and the der¬ 
matomes for C8, Tl, and T2 are along the medial 
margin of the limb. It must be remembered that 
the nerve fibers from a particular segment of the 
spinal cord, although they exit from the cord in a 
spinal nerve of the same segment, pass to the skin 
in two or more different cutaneous nerves. 

The skin over the point of the shoulder and half¬ 
way down the lateral surface of the deltoid muscle 
is supplied bv the supraclavicular nerves (C3 and 
C4). Pain may be referred to this region as the re¬ 
sult of inflammatory lesions involving the dia¬ 
phragmatic pleura or peritoneum. The afferent 
stimuli reach the spinal cord via the phrenic nerves 
(C3, 4, and 5). Pleurisy, peritonitis, subphrenic ab¬ 
scess, or gallbladder disease may therefore be re¬ 
sponsible for shoulder pain. 


Tendon Reflexes 

The skeletal muscle receives a segmental innerva¬ 
tion. Most muscles are innervated by several spinal 
nerves and therefore by several segments of the 
spinal cord. A physician should know the segmen¬ 
tal innervation of the following muscles, since it is 
possible to test them by eliciting simple muscle re¬ 
flexes in the patient. 

Biceps brachii tendon reflex C5 and 6 (flexion of the 
elbow joint by tapping the biceps tendon). 
Triceps tendon reflex C6, 7, and 8 (extension of the 
elbow joint by tapping the triceps tendon). 
Brachioradialis tendon reflex C5, 6, 7 (supination 
of the radioulnar joints by tapping the insertion 
of the brachioradialis tendon). 


Nerves of the Upper Limb _ 

The roots, trunks, and divisions of the brachial 
plexus reside in the lower part of the posterior tri¬ 
angle of the neck, while the cords and most of the 
branches of the plexus lie in the axilla. Complete 
lesions involving all the roots of the plexus are rare. 
Incomplete injuries are common and are usually 
caused by traction or pressure; individual nerves 
may be divided by stab wounds. 


Upper Lesions of the Brachial Plexus 
(Erb-Duchenne Palsy) 

Upper lesions of the brachial plexus are injuries re¬ 
sulting from excessive displacement of the head to 
the opposite side and depression of the shoulder on 
the same side. This causes excessive traction or 
even tearing of C5 and C6 roots of the plexus. It 
occurs in infants during a difficult delivery, or in 
adults following a blow or fall on the shoulder. The 
suprascapular nerve, the nerve to the subclavius, 
and the musculocutaneous and axillary nerves all 
possess nerve fibers derived from C5 and C6 roots 
and will therefore be functionless. The following 
muscles will consequently be paralyzed: (1) the su- 
praspinatus and infraspinatus, (2) the subclavius, 
(3) the biceps brachii and the greater part of the 
brachialis and the coracobrachialis, and (4) the 
deltoid and the teres minor. Thus, the limb will 
hang limply by the side, medially rotated by the 
unopposed sternocostal part of the pectoralis ma¬ 
jor; the forearm will be pronated due to loss of the 
action of the biceps. The position of the upper limb 
in this condition has been likened to that of a por¬ 
ter or waiter hinting for a tip (Fig. 9-74). In addi¬ 
tion, there will be a loss of sensation down the lat¬ 
eral side of the arm. 


Lower Lesions of the Brachial Plexus 
(Klumpke Palsy) 

Lower lesions of the brachial plexus are usually 
traction injuries caused by excessive abduction of 
the arm, as occurs in the case of a person falling 
from a height clutching at an object to save him¬ 
self. The first thoracic nerve is usually torn. The 
nerve fibers from this segment run in the ulnar and 
median nerves to supply all the small muscles of the 
hand. The hand has a clawed appearance due to 
hvperextension of the metacarpophalangeal joints 
and flexion of the interphalangealjoints. The exten¬ 
sor digitorum is unopposed by the lumbricals and 
interossei and extends the metacarpophalangeal 
joints; the flexor digitorum superficialis and pro¬ 
fundus are unopposed by the lumbricals and inter¬ 
ossei and flex the middle and terminal phalanges, 
respectively. There will be, in addition, a loss of 
sensation along the medial side of the arm. If the 
eighth cervical nerve is also damaged, the extent of 
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Fig. 9-74. Erb-Duchenne’s pals\ 7 (waiter’s tip). 


anesthesia will be greater and will involve the me- 
dial side of the forearm, hand, and medial two fin¬ 
gers. 

Lower lesions of the brachial plexus may also be 
produced bv the presence of a cervical rib or ma¬ 
lignant metastases from the lungs in the lower 
deep cervical lymph nodes. 


Axillary Sheath 

The axillary sheath, formed of deep fascia derived 
from the prcvcrtebral laver of deep fascia in the 
neck (see p. 713), encloses the axillary vessels and 
the brachial plexus. A brachial plexus nerve block 
can easily be obtained by closing the distal part of 
the sheath with finger pressure, inserting a syringe 
needle into the proximal part of the sheath, and 
then injecting a local anesthetic. The anesthetic so¬ 
lution is massaged along the sheath, producing a 
nerve block. The position of the sheath can be ver- 



Fig. 9-75. Winging of right scapula. 

ified by feeling the pulsations of the third part of 
the axillarv arterv. 


LONG THORACIC NERVE 

The long thoracic nerve, which arises from C5, 6, 
and 7 and supplies the serratus anterior muscle, 
may be injured by blows or pressure on the poste¬ 
rior triangle or during the surgical procedure of 
radical mastectomy. Paralysis of the serratus ante¬ 
rior results in the inability to rotate the scapula 
during the movement of abduction of the arm 
above a right angle. The patient therefore experi¬ 
ences difficulty in raising the arm above the head. 
The vertebral border and inferior angle of the scap¬ 
ula will no longer be kept closely applied to the 
chest wall and will protrude posteriorly, a condi¬ 
tion known as “winged scapula ” (Fig. 9-75). 


AXILLARY NERVE 

The axillary nerve (Fig. 9-76), which arises from 
the posterior cord of the brachial plexus (C5 and 
6), may be injured by the pressure of a badly ad¬ 
justed crutch pressing upward into the armpit. The 
passage of the axillary nerve. backward from the 
axilla through the quadrilateral space makes it par¬ 
ticularly vulnerable here to downward displace¬ 
ment of the humeral head in shoulder dislocations 
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Axillary nerve 
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Fig. 9-76. Summary’ diagram of main branches of 
axillary nerve. 


or fracture of the surgical neck of the humerus. Pa¬ 
ralysis of the deltoid and teres minor muscles re¬ 
sults. The cutaneous branches of the axillary nerve, 
including the upper lateral cutaneous nerve of the 
arm, are functionless, and consequently there is a 
loss of skin sensation over the lower half of the del¬ 
toid muscle. The paralyzed deltoid wastes rapidly, 
and the underlying greater tuberosity can be read¬ 
ily palpated. Since the supraspinatus is the only 
other abductor of the shoulder, this movement is 
much impaired. Paralysis of the teres minor is not 
recognizable clinically. 


RADIAL NERVE 

The radial nerve (Fig. 9-77), which arises from the 
posterior cord of the brachial plexus, characteris¬ 
tically gives off its branches some distance proxi¬ 
mal to the part to be innervated. 

In the axilla it gives off three branches: (1) the 
posterior cutaneous nerve of the arm, which sup¬ 
plies the skin on the back of the arm down to the 
elbow; (2) the nerve to the long head of the triceps; 
and (3) the nerve to the medial head of the triceps. 

In the spiral groove of the humerus it gives off 
four branches: (1) the lower lateral cutaneous 


nerve of the arm, which supplies the lateral surface 
of the arm down to the elbow; (2) the posterior 
cutaneous nerve of the forearm, which supplies the 
skin down the middle of the back of the forearm 
as far as the wrist; (3) the nerve to the lateral head 
of the triceps; and (4) the nerve to the medial head 
of the triceps and the anconeus. 

In the anterior compartment of the arm above 
the lateral epicondyle it gives off three branches: 
(1) the nerve to a small part of the brachialis; (2) 
the nerve to the brachioradialis; and (3) the nerve 
to the extensor carpi radialis longus. 

In the cubital fossa it gives off the deep branch 
of the radial nerve and continues as the superficial 
radial nerve. The deep branch supplies the extensor 
carpi radialis brevis and the supinator in the cubi¬ 
tal fossa, and all the extensor muscles in the pos¬ 
terior compartment of the forearm. The superficial 
radial nerve is sensory and supplies the skin over 
the lateral part of the dorsum of the hand and the 
dorsal surface of the lateral three and one-half fin¬ 
gers proximal to the nail beds. (The ulnar nerve 
supplies the medial part of the dorsum of the hand 
and the dorsal surface of the medial one and one- 
half fingers; the exact cutaneous areas innervated 
bv the radial and ulnar nerves on the hand are sub¬ 
ject to variation.) 

The radial nerve is commonly damaged in the 
axilla and in the spiral groove. 
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Injuries to Radial Nerve in Axilla 

In the axilla the nerve may be injured by the pres¬ 
sure of the upper end of a badly fitting crutch 
pressing up into the armpit, or bv a drunkard fall¬ 
ing asleep with his arm over the back of a chair. It 
may also be badly damaged in the axilla bv frac¬ 
tures and dislocations of the upper end of the hu¬ 
merus. When the humerus is displaced downward 
in dislocations of the shoulder, the radial nerve, 
which is wrapped around the back of the shaft of 
the bone, is pulled downward, stretching the nerve 
in the axilla excessively. 

The clinical findings in injury to the radial nerve 
in the axilla are as follows: 


Motor 

The triceps, the anconeus, and the long extensors 
of the wrist are paralyzed. The patient is unable to 
extend the elbow joint, the wrist joint, and the fin¬ 
gers. Wristdrop, or flexion of the wrist (Fig. 9-78), 
occurs as the result of the action of the unopposed 
flexor muscles of the wrist. Wristdrop is very disa¬ 
bling, since one is unable to flex the fingers strongly 
for the purpose of firmly gripping an object with 
the wrist fully flexed. (Try it on yourself.) If the 
wrist and proximal phalanges are passively ex¬ 
tended by holding them in position with the op¬ 
posite hand, the middle and distal phalanges of the 
fingers can be extended by the action of the lum- 
bricals and interossei, which are inserted into the 
extensor expansions. 

The brachioradialis and supinator muscles are 
also paralyzed, but supination is still performed 
well by the biceps brachii. 


Sensory 

There is a small loss of skin sensation down the 
posterior surface of the lower part of the arm and 
down a narrow strip on the back of the forearm. 
There is also a variable area of sensory loss on the 
lateral part of the dorsum of the hand and base of 
the thumb. The area of total anesthesia is relatively 
small, due to the overlap of sensory innervation by 
adjacent nerves. 



Trophic Changes 
These are slight. 


Injuries to Radial Ner\>e in Spiral Groove 

In the spiral groove of the humerus, the radial 
nerve may be injured at the time of fracture of the 
shaft of the humerus, or subsequently involved 
during the formation of the callus. The pressure of 
the back of the arm on the edge of the operating 
table in an unconscious patient has also been 
known to injure the nerve at this site. The pro¬ 
longed application of a tourniquet to the arm in a 
person with a slender triceps muscle will often be 
followed by temporary radial palsy. 

The clinical findings in injury to the radial nerve 
in the spiral groove are as follows: 

The injurv to the radial nerve occurs most com- 
monlv in the distal part of the groove, beyond the 
origin of the nerves to the triceps and the anconeus 
and bevond the origin of the cutaneous nerves. 


Motor 

The patient is unable to extend the wrist and the 
fingers, and there is wristdrop (see above). 


Sensory 

A variable small area of anesthesia is present over 
the root of the thumb. 
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Trophic Changes 

These are very slight or absent. 


Injuries to Deep Branch of Radial Name 

The deep branch of the radial nerve, as it lies in the 
supinator muscle, may be accidentally damaged by 
the surgeon when trying to expose the head of the 
radius. In this instance, the nerve supply to the su¬ 
pinator and the extensor carpi radialis longus will 
be undamaged, and because the latter muscle is 
powerful, it will keep the wrist joint extended, and 
wristdrop will not occur. There will be no sensory 
loss, since this is a motor nerve. 


Injuries to Superficial Radial Nen’e 

Division of the superficial radial nerve, which is 
sensory, as in a stab wound, will result in a variable 
small area of anesthesia over the root of the thumb. 


MUSCULOCUTANEOUS NERVE 

The musculocutaneous nerve (Fig. 9-79) is rarely 
injured because of its protected position beneath 
the biceps brachii muscle. If it is injured high up in 
the arm, the biceps and coracobrachialis are par¬ 
alyzed and the brachialis muscle is weakened (the 
latter muscle is also supplied bv the radial nerve). 
Flexion of the forearm at the elbow joint is then 
produced by the remainder of the brachialis mus¬ 
cle and the flexors of the forearm. When the fore¬ 
arm is in the prone position, the extensor carpi ra¬ 
dialis longus and the brachioradialis muscles assist 
in flexion of the forearm. There is also sensorv loss 
along the lateral side of the forearm. Wounds or 
cuts of the forearm can sever the lateral cutaneous 
nerve of the forearm, resulting in sensory loss along 
the lateral side of the forearm. 


MEDLAN NERVE 

The median nerve (Fig. 9-79), which arises from 
the medial and lateral cords of the brachial plexus, 
gives off no cutaneous or motor branches in the 
axilla or in the arm. In the upper third of the front 
of the forearm, by unnamed branches or by its an¬ 
terior interosseous branch, it supplies all the mus¬ 
cles of the front of the forearm except the flexor 


carpi ulnaris and the medial half of the flexor dig- 
itorum profundus, which are supplied by the ulnar 
nerve. In the lower third of the forearm, it gives 
rise to a palmar cutaneous branch, which crosses 
in front of the flexor retinaculum and supplies the 
skin on the lateral half of the palm. In the palm the 
median nerve supplies the muscles of the thenar 
eminence and the first two lumbricals and gives 
sensory innervation to the skin of the palmar aspect 
of the lateral three and one-half fingers, including 
the nail beds on the dorsum. 

From the clinical standpoint, the median nerve 
is injured occasionally in the elbow region in supra¬ 
condylar fractures of the humerus. It is most com¬ 
monly injured by stab wounds or broken glass just 
proximal to the flexor retinaculum; here, it lies in 
the interval between the tendons of the flexor carpi 
radialis and flexor digitorum superficialis, over¬ 
lapped by the palmaris longus. 

The clinical findings in injury to the medial nerve 
are as follows: 


Injuries to the Median Name at the Elbow 
Motor 

The pronator muscles of the forearm and the long 
flexor muscles of the wrist and fingers, with the 
exception of the flexor carpi ulnaris and the medial 
half of the flexor digitorum profundus, will be par¬ 
alyzed. As a result, the forearm is kept in the su¬ 
pine position; wrist flexion is weak and is accom¬ 
panied by adduction. The latter deviation is due to 
the paralysis of the flexor carpi radialis and the 
strength of the flexor carpi ulnaris and the medial 
half of the flexor digitorum profundus. No flexion 
is possible at the interphalangeal joints of the index 
and middle fingers, although weak flexion of the 
metacarpophalangeal joints of these fingers is at¬ 
tempted by the interossei. When the patient tries to 
make a fist, the index and to a lesser extent the 
middle finger tend to remain straight, while the 
ring and little fingers flex (Fig. 9-80). The latter 
two fingers are, however, weakened by the loss of 
the flexor digitorum superficialis. 

Flexion of the terminal phalanx of the thumb is 
lost due to paralysis of the flexor pollicis longus. 
The muscles of the thenar eminence are paralvzed 
and wasted, so that the eminence is flattened. The 
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Fig. 9-79. Sum main diagram of main branches of 
musculocutaneous and median nerves. 
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Fig. 9-80. Median nerve palsy. 


thumb is laterally rotated and adducted. The hand 
looks flattened and “apelike.” 


Sensory 

There is loss of skin sensation of the lateral half or 
less of the palm of the hand and the palmar aspect 
of the lateral three and one-half fingers. There is 
also sensory loss of the skin of the distal parts of 
the dorsal surfaces of the lateral three and one-half 
fingers. The area of total anesthesia is considerably 
less, due to the overlap of adjacent nerves. 


Vasomotor Changes 

The skin areas involved in sensory loss are warmer 
and drier than normal. This is due to the arteriolar 
dilatation and absence of sweating resulting from 
loss of sympathetic control. 


Trophic Changes 

In long-standing cases, changes are found in the 
hand and fingers. The skin is dry and scaly, the 
nails crack easily, and there is atrophy of the pulp 
of the fingers. 


Injuries to the Median Nerve at the Wrist 
Motor 

The muscles of the thenar eminence are paralyzed 
and wasted so that the eminence becomes flat¬ 
tened. The thumb is laterally rotated and ad¬ 
ducted. The hand looks flattened and “apelike.” 
Opposition movement of the thumb is impossible. 
The first two lumbricals are paralyzed, which can 
be recognized clinically when the patient is asked 
to make a fist slowly, and the index and middle 
fingers tend to lag behind the ring and little fin¬ 
gers. 

Sensory, vasomotor , and trophic efianges are 
identical to those found in the elbow lesions. 

Perhaps the most serious disability of all in me¬ 
dian nerve injuries is the loss of ability to oppose 
the thumb to the other fingers and the loss of sen¬ 
sation over the lateral fingers. The delicate pincer- 
like action of the hand is no longer possible. 

Carpal Tunnel Syndrome 

The carpal tunnel, formed bv the concave anterior 
surface of the carpal bones and closed by the flexor 
retinaculum, is tightly packed with the long flexor 
tendons of the fingers, with their surrounding syn¬ 
ovial sheaths, and the median nerve. Clinically, the 
syndrome consists of a burning pain or “pins and 
needles” along the distribution of the median nerve 
to the lateral three and one-half fingers and weak¬ 
ness of the thenar muscles. It is produced by 
compression of the median nerve within the tun¬ 
nel. The exact cause of the compression is diffi¬ 
cult to determine, but thickening of the synovial 
sheaths of the flexor tendons or arthritic changes 
in the carpal bones are thought to be responsible 
in many cases. As you would expect, there is no 
paresthesia over the thenar eminence, since this 
area of skin is supplied by the palmar cutaneous 
branch of the median nerve, which passes super¬ 
ficially to the flexor retinaculum. The condition is 
dramatically relieved by decompressing the tunnel 
by making a longitudinal incision through the 
flexor retinaculum. 


Ulnar Nerve 

The ulnar nerve (Fig. 9-81), which arises from the 
medial cord of the brachial plexus (C8 and Tl), 
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Fig. 9-81. Summary diagram of main branches of 
ulnar nerve. 


gives off no cutaneous or motor branches in the 
axilla or in the arm. As it enters the forearm from 
behind the medial epicondyle, it supplies the flexor 
carpi ulnaris and the medial half of the flexor dig- 
itorum profundus. In the distal third of the fore¬ 
arm, it gives off its palmar and posterior cutaneous 
branches. The palmar cutaneous branch supplies 
the skin over the hypothenar eminence; the poste¬ 
rior branch supplies the skin over the medial third 
of the dorsum of the hand and the medial one and 
one-half fingers. Not uncommonly, the posterior 


branch supplies two and one-half instead of one 
and one-half fingers. It does not supply the skin 
over the distal part of the dorsum of these fingers. 

Having entered the palm by passing in front of 
the flexor retinaculum, the superficial branch of the 
ulnar nerve supplies the skin of the palmar surface 
of the medial one and one-half fingers, including 
their nail beds; it also supplies the palmaris brevis 
muscle. The deep branch supplies all the small 
muscles of the hand except the muscles of the 
thenar eminence and the first two lumbricals, 
which are supplied by the median nerve. 
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The ulnar nerve is most commonly injured at the 
elbow, where it lies behind the medial epicondyle, 
and at the wrist, where it lies with the ulnar artery 
in front of the flexor retinaculum. The injuries at 
the elbow are usually associated with fractures of 
the medial epicondyle. The superficial position of 
the nerve at the wrist makes it \'erv vulnerable to 
damage from cuts and stab wounds. 

The clinical findings in injury to the ulnar nerve 
are as follows: 


Injuries to the Ulnar Ner\>e at the Elbow 
Motor 

The flexor carpi ulnaris and the medial half of the 
flexor digitorum profundus muscles are paralyzed. 
The paralysis of' the flexor carpi ulnaris can be ob¬ 
served bv asking the patient to make a tightly 
clenched fist. Normally, the synergistic action of 
the flexor carpi ulnaris tendon can be observed as 
it passes to the pisiform bone; the tightening of the 
tendon will be absent if' the muscle is paralyzed. 
The profundus tendons to the ring and little fingers 
will be functionless, and the terminal phalanges of 
these fingers are therefore not capable of being 
markedly flexed. Flexion of the wrist joint will re¬ 
sult in abduction, owing to paralysis of the flexor 
carpi ulnaris. The medial border of the front of the 
forearm will show flattening, due to the wasting of 
the underlying ulnaris and profundus muscles. 

The small muscles of the hand will be paralyzed, 
except the muscles of the thenar eminence and the 
first two lumbricals, which are supplied by the me¬ 
dian nerve. The patient is unable to adduct and ab¬ 
duct the fingers and consequently is unable to grip 
a piece of paper placed between the fingers. Re¬ 
member that the extensor digitorum can abduct 
the fingers to a small extent, but only when the 
metacarpophalangeal joints are hvperextended. 

It is impossible to adduct the thumb, because 
the adductor pollicis muscle is paralyzed. If the pa¬ 
tient is asked to grip a piece of paper between the 
thumb and the index finger, he does so by strongly 
contracting his flexor pollicis longus and flexing the 
terminal phalanx (Froment’s sign). 

The metacarpophalangeal joints become hvper¬ 
extended due to the paralysis of the lumbrical and 
interosseous muscles, which normally flex these 
joints. Since the first and second lumbricals are not 


paralyzed (they are supplied by the median nerve), 
the hyperextension of the metacarpophalangeal 
joints is most prominent in the fourth and fifth fin¬ 
gers. The interphalangeal joints are flexed, due 
again to the paralysis of the lumbrical and inter¬ 
osseous muscles, which normally extend these 
joints through the extensor expansion. The flexion 
deformity at the interphalangeal joints of the 
fourth and fifth fingers is obvious, because the first 
and second lumbrical muscles of the index and 
middle fingers are not paralyzed. In long-standing 
cases the hand assumes the characteristic “claw” 
deformity (main en griffe). Wasting of the para¬ 
lyzed muscles results in flattening of the hvpothe- 
nar eminence and loss of the convex curve to the 
medial border of the hand. Examination of the dor¬ 
sum of the hand wall show hollowing between the 
metacarpal bones, due to wasting of the dorsal in¬ 
terosseous muscles (Fig. 9-82). 


Sensory 

Loss of skin sensation will be observed over the an¬ 
terior and posterior surfaces of the medial third of 
the hand and the medial one and one-half fingers. 


Vasomotor Changes 

The skin areas involved in sensory loss are warmer 
and drier than normal. This is due to the arteriolar 
dilatation and absence of sweating resulting from 
loss of sympathetic control. 


Injuries to the Ulnar Neiwe at the Wrist 
Motor 

The small muscles of the hand will be paralyzed 
and show wasting, except for the muscles of the 
thenar eminence and the first two lumbricals, as 
described above. The clawhand is much more ob¬ 
vious in wrist lesions, since the flexor digitorum 
profundus muscle is not paralyzed, and there is 
marked flexion of the terminal phalanges. 


Sensory 

The main ulnar nerve and its palmar cutaneous 
branch are usually severed; the posterior cutaneous 
branch, which arises from the ulnar nerve trunk 
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Fig. 9-82. Ulnar nerve palsy. 


about 2Vz inches (6 cm) above the pisiform bone, 
is usually unaffected. The sensory loss will there¬ 
fore be confined to the palmar surface of the me¬ 
dial third of the hand and the medial one and one- 
half fingers and to the dorsal aspects of the middle 
and distal phalanges of the same fingers. 

The vasomotor and trophic changes are the same 
as those described for injuries at the elbow. It is 
important to remember that with ulnar nerve in¬ 
juries, the higher the lesion the less obvious is the 
clawing deformity of the hand. 

Unlike median nerve injuries, lesions of the ulnar 
nerve leave a relatively efficient hand. The sensa¬ 
tion over the lateral part of the hand is intact, and 
the pincer-like action of the thumb and index fin¬ 
ger is reasonably good, although there is some 
weakness due to loss of the adductor pollicis. 


Muscles of the Upper Limb 

PECTORALIS MAJOR 

Very occasionally parts of the pectoralis major 
muscle may be absent. The sternocostal origin is 
the most commonly missing part, and this causes 
weakness in adduction and medial rotation of the 
shoulder joint. 


PAL MARIS LONGUS 

This may be absent on one or both sides of the fore¬ 
arm in about 10 percent of persons. Others show 
variation in form such as centrally or distallv 
placed muscle belly in the place of a proximal one. 
Since the muscle is relatively weak, its absence pro¬ 
duces no disability. 


BICEPS BRACHII 

The tendon of the long head of biceps is intracap- 
sular but extrasynovial; it is attached to the supra- 
glenoid tubercle within the shoulder joint. Ad¬ 
vanced osteoarthritic changes in the joint may lead 
to erosion and fraying of the tendon by osteophytic 
outgrowths, and rupture of the tendon can occur. 


TENNIS ELBOW 

This is believed to be due to a partial tearing or 
degeneration of the origin of the superficial exten¬ 
sor muscles from the lateral epicondvle of the hu¬ 
merus. It is a condition characterized bv pain and 
tenderness over the lateral epicondvle of the hu¬ 
merus, with pain radiating down the lateral side of 
the forearm; it is common in tennis players, violin¬ 
ists, and housewives. 
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ABDUCTOR POLLICIS LONGUS 
TENDON AND EXTENSOR POLLICIS 
BREVIS TENDON 

As the result of repeated friction between these ten¬ 
dons and the styloid process of the radius, they 
sometimes become edematous and swell. Later, fi¬ 
brosis of the synovial sheath produces a condition 
known as stenosing tenosynovitis in which move¬ 
ment of the tendons becomes restricted. Advanced 
cases require surgical incision along the constrict¬ 
ing sheath. 


EXTENSOR POLLICIS LONGUS TENDON 

Rupture of this tendon can occur following fracture 
of the distal third of the radius. Roughening of the 
dorsal tubercle of the radius bv the fracture line 
can cause excessive friction on the tendon, which 
may then rupture. Rheumatoid arthritis can also 
cause rupture of this tendon. 


MALLET FINGER 

Avulsion of the insertion of one of the extensor ten¬ 
dons into the distal phalanges can occur if the dis¬ 
tal phalanx is forcibly flexed when the extensor ten¬ 
don is taut. The last 20 degrees of active extension 
is lost, resulting in a condition known as mallet fin¬ 
ger. 


TRIGGER FINGER 

In this condition there is a palpable and even au¬ 
dible snapping when a patient is asked to flex and 
extend his fingers. It is due to the presence of a 
localized swelling of one of the long flexor tendons 
that catches on a narrowing of the fibrous flexor 
sheath anterior to the metacarpophalangeal joint. 
It may take place either in flexion or in extension. 
A similar condition occurring in the thumb is 
called trigger thumb. The situation may be relieved 
surgically by incising the fibrous flexor sheath. 


Bones of the Upper Limb 

CLAVICLE 

The clavicle is a strut that holds the arm laterally 
so that it may move freely on the trunk. Unfortu¬ 


nately, because of its position, it is exposed to 
trauma and transmits forces from the upper limb 
to the trunk. It is the most commonly fractured 
bone in the body. The fracture usually occurs as the 
result of a fall on the shoulder or outstretched 
hand. The force is transmitted along the clavicle, 
which breaks at its weakest point, the junction of 
the middle and outer thirds. Following the frac¬ 
ture, the lateral fragment is depressed by the 
weight of the arm, and it is pulled medially and 
forward by the strong adductor muscles of the 
shoulder joint, especially the pectoralis major. The 
medial end is tilted upward by the sternocleido¬ 
mastoid muscle. 

The clavicle commences its ossification in mem¬ 
brane early in intrauterine life. A secondaiy center 
appears at the sternal end in the twentieth vear, 
and this fuses with the shaft by about the twentv- 
fifth year. The epiphyseal plate that remains within 
the shaft of the bone until the twentv-fifih year 
must not be confused with a fracture line. 

The close relationship of the supraclavicular 
nerves to the clavicle may result in their involve¬ 
ment in callus formation following fracture of the 
bone. This may be the cause of persistent pain over 
the side of the neck. 


SCAPULA 

Fractures of the scapula are usually the result of 
severe trauma, such as occurs in runover accident 
\ictims or in occupants of automobiles involved in 
crashes. Injuries are usually associated with frac¬ 
tured ribs. Fortunately, most fractures of the scap¬ 
ula require little treatment because the muscles on 
the anterior and posterior surfaces adequately 
splint the fragments. 

The position of the scapula on the posterior wall 
of the thorax is maintained by the tone and balance 
of the muscles attached to it. If one of these mus¬ 
cles is paralyzed, this balance is upset, as in 
dropped shoulder, which occurs with paralysis of 
the trapezius, or winged scapula (Fig. 9-75), which 
occurs with paralysis of the serratus anterior. Such 
imbalance can be detected by careful physical ex¬ 
amination. 
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HUMERUS 


Fractures of the Proximal End 
of the Humerus 



The greater tuberosity may be fractured bv direct 
trauma or avulsed by violent contractions of the su- 
praspinatus muscle. The surgical neck of the hu¬ 
merus may be fractured by a direct blow on the 
lateral aspect of the shoulder or in an indirect man¬ 
ner by the person falling on the outstretched hand. 
In children, injury to the proximal epiphyseal car¬ 
tilage may be followed bv retardation of growth in 
the length of the humerus. 


Fractures of the Shaft of the Humerus 

These fractures are common, with the displace¬ 
ment of the fragments dependent on the relation of 
the site of the fracture to the insertion of the del¬ 
toid. When the fracture line is proximal to the del¬ 
toid insertion, the proximal fragment is adducted 
by the pectoralis major, latissimus dorsi, and teres 
major muscles; the distal fragment is pulled prox- 
imallv bv the deltoid, biceps, and triceps. When the 
fracture is distal to the deltoid insertion, the prox¬ 
imal fragment is abducted by the deltoid, and the 
distal fragment is pulled proximally by the biceps 
and triceps. The radial nerve may be damaged in 
shaft fractures. 


Fractures of the Distal End of the Humerus 

Supracondylar fractures are common in children 
and occur when the child falls on the outstretched 
hand with the elbow joint partially flexed. The me¬ 
dian nerve and the brachial artery are occasionally 
injured in this type of fracture. 

The medial epicondvle can be avulsed by the me¬ 
dial collateral ligament of the elbow joint if the 
forearm is forcibly abducted. The ulnar nerve may 
be injured at the time of a fracture, may become 
involved in the callus formation, or may undergo 
irritation on the irregular bony surface after the 
bone fragments are reunited. 


RADIUS AND ULNA 

Fractures of the head of the radius can occur from 
falls on the outstretched hand. As the force is trans¬ 


mitted along the radius, the head of the radius is 
driven sharply against the capitulum, splitting or 
splintering the head. 

Fractures of the neck of the radius occur in 
young children from falls on the outstretched 
hand. 

Fractures of the shafts of the radius and ulna 
may or may not occur together. Displacement of 
the fragments is usually considerable and depends 
on the pull of the attached muscles. The proximal 
fragment of the radius is supinated by the supina¬ 
tor and the biceps brachii muscles. The distal frag¬ 
ment of the radius is pronated and pulled medially 
by the pronator quadratus muscle. The strength of 
the brachioradialis and extensor carpi radialis lon- 
gus and brevis shortens and angulates the forearm. 
In fracture of the ulna, the ulna angulates poste¬ 
riorly. In order to restore the normal movements of 
pronation and supination, the normal anatomical 
relationship of the radius, ulna, and interosseous 
membrane must be regained. 

Colies’ fracture is a fracture of the distal end of 
the radius resulting from a fall on the outstretched 
hand. The force drives the distal fragment poste¬ 
riorly and superiorly, and the distal articular sur¬ 
face is inclined posteriorly This posterior dis¬ 
placement produces a posterior bump, sometimes 
referred to as the “dinner-fork deformity, v since the 
forearm and wrist resemble the shape of a dinner 
fork. Failure to restore the distal articular surface 
to its normal position will severely limit the range 
of flexion of the wrist joint. 

Smith’s fracture is a fracture of the distal end of 
the radius and occurs from a fall on the back of the 
hand. It is a reversed Colles’ fracture because the 
distal fragment is displaced anteriorly. 


BONES OF THE HAND 

Fracture of the scaphoid bone is common in young 
adults and, unless treated effectively, the fragments 
will not unite and permanent weakness of the wrist 
will result, with the subsequent development of os¬ 
teoarthritis. The fracture line usually goes through 
the narrowest part of the bone, which because of 
its location is bathed in svnovial fluid. The blood 
vessels to the scaphoid enter its proximal and distal 
ends, although the blood supply is occasionally 
confined to its distal end. If the latter occurs, a 
fracture deprives the proximal fragment of its ar- 
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terial supply, and this fragment undergoes avas¬ 
cular necrosis. Deep tenderness in the anatomical 
snuffbox following a fall on the outstretched hand 
in a voung adult makes one suspicious of a frac¬ 
tured scaphoid. 

Dislocations of the lunate bone occasionally oc¬ 
cur in voung adults who fall on the outstretched 
hand in a wav that causes hyperextension of the 
wrist joint. Involvement of the median nerve is 
common. 

Fractures of the metacarpal bones can occur as 
the result of direct violence, in which case the frac¬ 
ture line is transverse and the fragments are dis¬ 
placed anteriorly. “Indirect violence/’ for example, 
striking an opponent with a clenched fist, com¬ 
monly produces an oblique fracture of the necks of 
the fourth and fifth metacarpals. The distal frag¬ 
ment is commonly displaced proximally, thus 
shortening the finger posteriorly. 

Bennett's fracture is a fracture of the base of the 
metacarpal of' the thumb caused when violence is 
applied along the long axis of the thumb or the 
thumb is forcefully abducted. The fracture is 
oblique and enters the carpometacarpal joint of the 
thumb, causing joint instability. 

Fractures of the phalanges are common and usu¬ 
ally follow direct injury. 


Joints of the Upper Limb 

STERNOCLAVICULAR JOINT 

The very strong costoclavicular ligament firmly 
holds the medial end of the clavicle to the first cos¬ 
tal cartilage. Violent forces directed along the long 
axis of the clavicle usually result in fracture of that 
bone, but dislocation of the sternoclavicular joint 
takes place occasionally. The clavicle is then dis¬ 
placed forward and downward. Should the costo¬ 
clavicular ligament rupture completely, it is diffi¬ 
cult to maintain the normal position of the clavicle 
once reduction has been accomplished. 


ACROMIOCLAVICULAR JOINT 

The plane of' the articular surfaces of the acro¬ 
mioclavicular joint passes downward and medially, 
so that there is a tendency for the lateral end of the 
clavicle to ride up over the upper surface of the ac¬ 
romion. The strength of the joint is dependent on 


the very strong coracoclavicular ligament, which 
binds the coracoid process to the undersurface of 
the lateral part of the clavicle. It should be remem¬ 
bered that the greater part of the weight of the up¬ 
per limb is transmitted to the clavicle through this 
ligament, and that rotary movements of the scap¬ 
ula occur at this important ligament. A severe blow 
on the point of the shoulder, as is incurred during 
blocking or tackling in football or any severe fall, 
may result in the acromion’s being thrust beneath 
the lateral end of the clavicle, tearing the coraco¬ 
clavicular ligament. This condition is often referred 
to as “ shoulder separation .” The displaced outer 
end of the clavicle is easily palpable. As in the case 
of the sternoclavicular joint, the dislocation is easily 
reduced, but withdrawal of support results in im¬ 
mediate redislocation. 


SHOULDER JOINT 

The shallowness of the glenoid fossa of the scapula 
and the lack of support provided by weak liga¬ 
ments make this joint a very unstable structure. Its 
strength is almost entirely dependent on the tone 
of the short muscles that bind the upper end of the 
humerus to the scapula, namely, the subscapularis 
in front, the supraspinatus above, and the infra¬ 
spinatus and teres minor behind. The tendons of 
these muscles together are referred to clinically as 
the rotator cuff. The least supported part of the 
joint lies in the inferior location, where it is unpro¬ 
tected by muscles. 

The shoulder joint is the most commonly dislo¬ 
cated large joint. Sudden violence applied to the hu¬ 
merus with the joint fully abducted tilts the hu¬ 
meral head downward onto the inferior weak part 
of the capsule, which tears, and the humeral head 
comes to lie inferior to the glenoid fossa. During 
this movement the acromion has acted as a ful¬ 
crum. The strong flexors and adductors of the 
shoulder joint now usually pull the humeral head 
forward and upward into the subcoracoid position. 
Posterior dislocations are rare and are usually due 
to direct violence to the front of the joint. On in¬ 
spection of the patient, the rounded appearance of 
the shoulder is seen to be lost, since the greater tub¬ 
erosity of the humerus is no longer bulging laterally 
beneath the deltoid muscle. The subglenoid dis¬ 
placement of the head of the humerus into the 
quadrilateral space may cause damage to the axil- 
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laiy nerve, as indicated bv paralysis of the deltoid 
muscle and loss of skin sensation over the lower 
half of the deltoid. 

The rotator cuff, consisting of the tendons of the 
subscapularis, supraspinatus, infraspinatus, and 
teres minor muscles, which are fused to the under¬ 
lying capsule of the shoulder joint, plays a very im¬ 
portant role in stabilizing the shoulder joint. Le¬ 
sions of the cuff are a common cause of pain in the 
shoulder region. During the movement of abduc¬ 
tion of the shoulder joint, the supraspinatus tendon 
is exposed to friction against the acromion process. 
Under normal conditions the amount of friction is 
reduced to a minimum by the large subacromial 
bursa, which extends laterally beneath the deltoid. 
Degenerative changes in the bursa are followed by 
degenerative changes in the underlying supraspi¬ 
natus tendon, and these may extend into the other 
tendons of the rotator cuff. Clinically, the condition 
is known as subacromial bursitis, supraspinatus 
tendinitis, or pericapsulitis. It is characterized by 
the presence of a spasm of pain in the middle range 
of abduction. 

In advanced cases the necrotic supraspinatus 
tendon may become calcified or may rupture. Rup¬ 
ture of the tendon seriously interferes with the nor¬ 
mal abduction movement of the shoulder joint. It 
will be remembered that the main function of the 
supraspinatus muscle is to hold the head of the hu¬ 
merus in the glenoid fossa at the commencement 
of abduction. The patient with a ruptured supra¬ 
spinatus tendon is unable to initiate abduction of 
the arm. However, if the arm is passively assisted 
for the first 15 degrees of abduction, the deltoid 
can then take over and complete the movement to 
a right angle. 

The synovial membrane, capsule, and ligaments 
of the shoulder joint are innervated by the axillary 
nerve and the suprascapular nerve. The joint is sen¬ 
sitive to pain, pressure, excessive traction, and dis¬ 
tention. The muscles surrounding the joint undergo 
reflex spasm in response to pain originating in the 
joint, which in turn serves to immobilize the joint 
and thus reduce the pain. 

Injuiy to the shoulder joint is followed by pain, 
limitation of movement, and muscle atrophy due 
to disuse. It is important to appreciate that pain in 
the shoulder region may be caused by disease else¬ 
where and that the shoulder joint may be normal; 
for example, diseases of the spinal cord and verte¬ 


bral column, and the pressure of a cervical rib (see 
p. 76) can all cause shoulder pain. Irritation of the 
diaphragmatic pleura or peritoneum can produce 
referred pain via the phrenic and supraclavicular 
nerves. 


ELBOW JOINT 

The elbow joint is stable because of the wrench¬ 
shaped articular surface of the olecranon and the 
pulley-shaped trochlea of the humerus; it also has 
veiy strong medial and lateral ligaments. Posterior 
dislocations of the joint are common in children 
because the parts of the bones that stabilize the 
joint are incompletely developed in childhood. 
Avulsion of the epiphysis of the medial epicondvle 
is also common in childhood, because then the me¬ 
dial ligament is much stronger than the bond of 
union between the epiphysis and the diaphysis. 

When examining the elbow joint, the physician 
must remember the normal relations of the bony 
points. In extension, the medial and lateral epicon- 
dvles and the top of the olecranon process are in a 
straight line; in flexion, the bony points form the 
boundaries of an equilateral triangle. 

The anterior and posterior walls of the capsule 
are weak, and when the joint is distended with 
fluid, the posterior aspect of the joint becomes 
swollen. Aspiration of joint fluid may easily be per¬ 
formed through the back of the joint on either side 
of the olecranon process. 

The close relationship of the ulnar nerve to the 
medial side of the joint of ten results in its becom¬ 
ing damaged in dislocations of the joint or in frac¬ 
ture dislocations in this region. The nerve lesion 
may occur at the time of injury or weeks, months, 
or years later. The nerve may be involved in scar 
tissue formation, or may become stretched due to 
lateral deviation of the forearm in a badly reduced 
supracondylar fracture of the humerus. During 
movements of the elbow joint, the continued 
friction between the medial epicondvle and the 
stretched ulnar nerve eventually results in ulnar 
palsy. 

In examining lateral radiographs of the elbow 
region, it is important to remember that the lower 
end of the humerus is normally angulated forward 
45 degrees on the shaft; and when examining a pa¬ 
tient, the physician should see that the medial epi- 
condyle, in the anatomical position, is directed me- 
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diallv and posteriorly and faces in the same 
direction as the head of the humerus. 

A small subcutaneous bursa is present over the 
olecranon process of the ulna, and repeated minor 
trauma, such as occurs in miners, or students, 
of ten produces a chronic bursitis. 


RADIOULNAR JOINTS 

The superior radioulnar joint communicates with 
the elbow joint, whereas the inferior radioulnar 
joint does not communicate with the wrist joint. In 
practical terms this means that infection of the el¬ 
bow joint invariably involves the superior radioul¬ 
nar joint. The strength of the superior radioulnar 
joint depends on the integrity of the strong anular 
ligament. Rupture of this ligament occurs in cases 
of anterior dislocation of the head of the radius on 
the capitulum of the humerus. In young children, 
in whom the head of the radius is still small and 
undeveloped, a sudden jerk on the arm may pull 
the radial head down through the anular ligament. 


WRIST JOINT 

The wrist joint is essentially a synovial joint be¬ 
tween the lower end of the radius and the proximal 
row of carpal bones. The head of the ulna is sepa¬ 
rated from the carpal bones by the strong triangu¬ 
lar fibrocartilaginous ligament, which separates 
the wrist joint from the inferior radioulnar joint. 
The joint is stabilized by the very strong medial and 
lateral ligaments. 

Because the styloid process of the radius is longer 
than that of the ulna, abduction of the wrist joint 
is less extensive than adduction. In flexion-exten¬ 
sion movements, the hand can be flexed about 80 
degrees, but extended to only about 45 degrees. The 
range of flexion is increased by movement at the 
midcarpal joint. 


Falls on the Outstretched Hand 

In falls on the outstretched hand, forces are trans¬ 
mitted from the scaphoid to the lower end of the 
radius, from the radius across the interosseous 
membrane to the ulna, and from the ulna to the 
humerus; thence, through the glenoid fossa of the 
scapula to the coracoclavicular ligament and the 
clavicle and, finally, to the sternum. If the forces 


are excessive, different parts of the upper limb give 
wav under the strain. The area affected seems to 
be related to age. In a young child, for example, 
there may be a posterior displacement of the distal 
radial epiphysis; in the teenager the clavicle might 
fracture; in the young adult the scaphoid is com¬ 
monly fractured; and in the elderly the distal end 
of the radius is fractured about 1 inch (2.5 cm) 
proximal to the wrist joint (Colles’ fracture). 


Volkmann’s Ischemic Contracture 

Volkmann’s ischemic contracture is a contracture 
of the muscles of the forearm following fractures 
of the lower end of the humerus or fractures of the 
radius and ulna. In this syndrome a localized seg¬ 
ment of the brachial artery goes into spasm, reduc¬ 
ing the arterial flow to the flexor and the extensor 
muscles, so that they undergo ischemic necrosis. 
The flexor muscles are larger than the extensor 
muscles and they are therefore the ones mainly af¬ 
fected. The muscles are replaced by fibrous tissue, 
which contracts, producing the deformity. The ar¬ 
terial spasm is usually caused by an over-tight plas¬ 
ter cast, but in some cases the fracture itself may 
be responsible. The deformitv can only be ex¬ 
plained bv understanding the anatomy of the re¬ 
gion. Three types of deformity exist: 

1. The long flexor muscles of the carpus and fingers 
are more contracted than the extensor muscles, 
and the wrist joint is flexed; the fingers are ex¬ 
tended. If the wrist joint is extended passively, 
the fingers become flexed. 

2. The long extensor muscles to the fingers, which 
are inserted into the extensor expansion that is 
attached to the proximal phalanx, are greatly 
contracted; the metacarpophalangeal joints and 
the wrist joint are extended, and the interpha- 
langeal joints of the fingers are flexed. 

3. Both the flexor and the extensor muscles of the 
forearm are contracted. The wrist joint is flexed, 
the metacarpophalangeal joints are extended, 
and the interphalangeal joints are flexed. 


Palmar Aponeurosis 

The palmar aponeurosis may be regarded as the 
degenerated distal part of the tendon of the pal- 
maris longus muscle. The tendon of the muscle is 
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attached to the apex of the triangle-shaped aponeu¬ 
rosis. The base of the aponeurosis divides into four 
slips, one for each finger. The deeper part of each 
slip divides into two parts, which are inserted into 
the bases of the proximal phalanges and the fi¬ 
brous flexor sheaths. The palmar aponeurosis is 
firmly attached to the skin of the palm and assists 
the latter in gripping an object; also, bv virtue of its 
toughness, it protects the underlying tendons and 
synovial sheaths. 

Dupuytren’s contracture, which is a localized 
thickening and contracture of the palmar aponeu¬ 
rosis, commonly starts near the root of the ring fin¬ 
ger and draws that finger into the palm, flexing it 
at the metacarpophalangeal joint. Later, the con¬ 
dition involves the little finger in the same manner. 
In long-standing cases, the pull on the fibrous 
sheaths of these fingers results in the flexion of the 
proximal interphalangeal joints. The distal inter- 
phalangeal joints are not involved and are actually 
extended by the pressure of the fingers against the 
palm. 


Synovial Sheaths of the 
Flexor Tendons 

The arrangement of the synovial sheaths of the 
flexor tendons has been described previously (p. 
490). They are essentially lubricating mechanisms, 
which permit the long flexor tendons to move 
smoothly, with the minimum of friction, beneath 
the flexor retinaculum. The vincula longa and 
brevia serve as mesenteries, which permit blood 
vessels to enter the tendons. The synovial sheath of 
the flexor pollicis longus (sometimes referred to as 
the radial bursa ) communicates with the common 
synovial sheath of the superficialis and profundus 
tendons (sometimes referred to as the ulnar bursa ) 
at the level of the wrist in about 50 percent of per¬ 
sons. 

Tenosynovitis is an infection of a svnovial sheath. 
It most commonly results from the introduction of 
bacteria into a sheath through a small penetrating 
wound, such as that made by the point of a needle. 
Rarely, the sheath may become infected by exten¬ 
sion of a pulp-space infection. 

Infection of a digital sheath results in the disten¬ 
tion of the sheath with pus; the finger is held semi- 
flexed and is very swollen. Any attempt to extend 
the finger is accompanied by extreme pain, since 


the distended sheath is stretched. As the inflam¬ 
matory process continues, the pressure within the 
sheath rises, and the sheath may rupture at its 
proximal end. Anatomically, the digital sheath of 
the index finger is related to the thenar space, 
while that of the ring finger is related to the mid- 
palmar space. The sheath for the middle finger is 
related to both the thenar and midpalmar spaces. 
These relationships explain how infection can ex¬ 
tend from the digital synovial sheaths and involve 
the palmar fascial spaces. 

In the case of infection of the digital sheaths of 
the little finger and thumb, the ulnar and radial 
bursae are quickly involved. Should such an infec¬ 
tion be neglected, pus may burst through the prox¬ 
imal ends of these bursae and enter the fascial 
space of the forearm between the flexor digitorum 
profundus anteriorly and the pronator quadratus 
and the interosseous membrane posteriorly. This 
fascial space in the forearm is commonly referred 
to clinically as the space of Parona. 


Faseial Spaces of the Palm 

The fascial spaces of the palm have been fully de¬ 
scribed previously. (See p. 502.) They are clinically 
important because they may become infected and 
distended with pus as the result of the spread of 
infection in acute suppurative tenosynovitis; rarely, 
they may become infected following penetrating 
wounds. 


Pulp Space of the Fingers 

The pulp space of the fingers is a closed fascial 
compartment situated in front of the terminal 
phalanx of each finger. Infection of such a space is 
very common and serious, occurring most often in 
the thumb and index finger. Bacteria are usually 
introduced into the space by pinpricks or sewing 
needles. Since each space is subdivided into nu¬ 
merous smaller compartments by fibrous septa, it 
is easily understood that the accumulation of in¬ 
flammatory exudate within these compartments 
will press upon and, in extreme cases, occlude the 
vessels traversing the compartments. Sometimes 
the tension is so great that soft-tissue necrosis oc¬ 
curs and the diaphvsis of the terminal phalanx is 
destroyed. The proximallv located epiphysis of this 
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bone is saved, since it receives its arterial supply 
just proximal to the pulp space. 

The close relationship of the proximal end of the 
pulp space to the digital synovial sheath accounts 
for the involvement of the sheath in the infectious 
process in cases in which the pulp-space infection 
has been neglected. 


Diseases of the Hand 

From the clinical standpoint the hand is one of the 
most important organs of the body. Without a nor¬ 
mally functioning hand the patient’s livelihood is 
often in jeopardy. To the medical student who 
doubts this statement, I would suggest that he 
place his right (or left) hand in his pocket for 24 
hours, and he will be astonished at the number of 
times he would like to use it if he could. 

From the purely mechanical point of view, the 
hand may be regarded as a pincer-like mechanism 
between the thumb and fingers, situated at the end 
of a multijointed lever. The most important part of 
the hand is the thumb , and it is the physician’s re¬ 
sponsibility to preserve the thumb, or as much of 
it as possible, so that the pincer-like mechanism 
can be maintained. The pincer-like action of the 


thumb largely depends on its unique ability to be 
drawn across the palm and opposed to the other 
fingers. Unfortunately, this movement alone, al¬ 
though important, is insufficient for the mecha¬ 
nism to work effectively. The opposing skin 
surfaces must have tactile sensation—and this ex¬ 
plains why median nerve palsy is so much more 
disabling than ulnar nerve palsy. 

Should the hand require immobilization for the 
treatment of disease of any part of the upper limb, 
it should be immobilized (if possible) in the posi¬ 
tion of function. This means that if there is a loss 
of movement at the wrist joint, or at the joints of 
the hand or fingers, the patient will at least have a 
hand that is in a position of mechanical advantage, 
and one that can serve a useful purpose. 

Physicians should also remember that when the 
fingers (excluding the thumb) are normally flexed 
into the palm, they point to the tubercle of the 
scaphoid; fingers requiring immobilization in flex¬ 
ion, on a splint or within a plaster cast, should 
therefore always be placed in this position. 

Always refer to the patienfs fingers by name: 
thumb, index, middle, ring, and little finger. Num¬ 
bering the fingers is confusing (is the thumb a fin¬ 
ger?) and has led to such disastrous results as am¬ 
putating the wrong finger. 


CLINICAL PROBLEMS 

1. A middle-aged man with a history of chronic 
duodenal ulcer was seen in the emergency 
room in a state of severe shock. He was pale, 
restless, and sweating, and his blood pressure 
was 80/60 mm Hg. The resident made a diag- 
nosis of internal hemorrhage, probably due to 
erosion of the gastroduodenal arteiy or one of 
its branches, and decided to set up a blood 
transfusion immediately. Based on your knowl¬ 
edge of anatomy, into which superficial vein of 
the upper limb would you perform the trans¬ 
fusion: (1) in the elbow region or (2) in the 
forearm? If the veins were too collapsed to be 
recognized, where, in an emergency, could you 
cut down on a superficial vein in the upper 
limb? 

2. A young woman, 18 years of age, visited her 
physician complaining of severe pain and red¬ 
ness around the base of the nail of the right 


Answers on page 968 

index finger. She stated that three days previ¬ 
ously she had trimmed the cuticle (epony- 
chium) of her nail with scissors, and the fol¬ 
lowing day the pain commenced. On physical 
examination, the skin folds around the root of 
the nail were found to be swollen, red, and ex¬ 
tremely tender. The index finger was swollen 
and the back of the hand was slightly edema¬ 
tous. Red streaks could be seen coursing up the 
front of the forearm. On examination of the in- 
fraclavicular fossa, some small, tender nodules 
could be palpated. The patient’s temperature 
was 101°F. From your knowledge of anatomy, 
explain the red streaks present on the front of 
the forearm and the tender nodules in the in- 
fraclavicular fossa. 

3. A medical student, while rock-climbing, lost 
his footing on the edge of a crevasse. As he 
started to fall, he grabbed at a bush with his 
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outstretched hand. Fortunately, his compan¬ 
ions were able to get to him just as the bush 
was becoming uprooted. On returning to the 
base of the mountain, he was examined by a 
physician and was found to have damaged the 
first thoracic spinal nerve. Using your knowl¬ 
edge of anatomy, where would you test for loss 
of skin sensation in such a nerve injuiy? 

4. A 16-vear-old girl, while demonstrating to her 
sisters her proficiency at standing on her hands, 
suddenly went off balance and put all her bodv 
weight on her right outstretched hand. A dis¬ 
tinctive cracking noise was heard, and she felt 
a sudden pain in her right shoulder region. On 
examination, the smooth contour of her right 
clavicle was found to be absent. The shoulder 
and the lateral end of the clavicle were de¬ 
pressed, and the medial part of the clavicle was 
elevated. The clavicle was obviously fractured, 
and the edges of the bony fragments could be 
palpated. From your knowledge of anatomy, 
state: (a) Which part of the clavicle is most 
commonly fractured? (b) Why are the bonv 
fragments displaced? (c) Why do the mechani¬ 
cal forces fracture the clavicle instead of dislo¬ 
cating the sternoclavicular or the acromioclav¬ 
icular joints? (d) What structures are liable to 
be damaged in a simple fracture of the clavicle? 

5. A 45-vear-old woman visited her physician con¬ 
cerning a hard, painless lump in the left breast, 
which she had noticed while bathing the pre¬ 
vious day. She stated that she had breast-fed 
her four children and had not seen any blood¬ 
stained discharge from her nipples. On exami¬ 
nation in a good light, with her arms at her 
sides, the left nipple was seen to be higher than 
the right. A small dimple of skin was noted 
over the upper lateral quadrant of the left 
breast. On palpating the breast with the flat 
hand, the physician felt a hard lump, about 2 
inches (5 cm) in diameter, in the upper left 
quadrant of the left breast. The right breast 
was normal. On examination of the left axilla, 
three small, hard discrete nodules could be pal¬ 
pated posterior to the lower border of the pec- 
toralis major. The right axilla was normal. A 
diagnosis of scirrhous carcinoma of the left 
breast was made, with secondary deposits in 
the axilla, (a) Why was the left nipple higher 
than the right nipple? (b) What is the cause of 


dimpling of the skin? (c) What is the lymphatic 
drainage of the breast? 

6. In a 25-vear-old woman, an abscess developed 
in the lower medial quadrant of the right 
breast. She was breast-feeding her infant, 
which had been born 3 weeks previously. She 
had always breast-fed her children, and had ex¬ 
perienced no difficulties with her three older 
babies. On physical examination, a hot, red, 
tender swelling was found in the lower medial 
quadrant of the right breast. The swelling was 
fluctuant, indicating the presence of pus. Using 
vour knowledge of anatomy, would you use a 
radial or a transverse incision to drain the ab¬ 
scess? 

7. A 50-vear-old woman, when told by her sur¬ 
geon that she had cancer of the right breast and 
that she should be admitted to the hospital for 
an operation, was indignant and dismayed to 
learn that she must have her breast removed. 
The neoplasm was located above the nipple. 
She could not understand why she was being 
advised to have deep X-ray therapy after the op¬ 
eration. On anatomical grounds, explain why it 
may be necessary to perform a radical mastec¬ 
tomy for carcinoma of the breast, to be fol¬ 
lowed by radiotherapy. 

8. A 35-vear-old farmer, while cutting his wheat, 
fell into a combine harvester. His left arm was 
wrenched off from the trunk at the shoulder, 
and he was found unconscious and bleeding 
profusely a few moments later. Fortunately? a 
physician was staving on the farm for his va¬ 
cation. On hearing about the tragic accident, he 
ran to the field and was able to stop the bleed¬ 
ing. Where would you apply pressure to the 
main arterial supply of the upper limb in a case 
such as this, where there is no limb stump 
around which to place a tourniquet? 

9. Palpation of the radial artery at the wrist can 
provide the experienced physician with consid¬ 
erable insight into the state of the patient’s cir¬ 
culatory system. The degree of hardness of the 
arterial wall can be appreciated by the exam¬ 
ining finger; the pulse rate and quality of the 
rhythm can be determined. What are the rela¬ 
tions of the radial artery at the site where the 
pulse is taken? 

10. A 20-vear-old girl, riding pillion on a motorcy¬ 
cle, was involved in an accident. The motorcy- 
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cle hit a bridge abutment. The driver was killed 
instantly, and the girl was thrown 15 feet and 
landed on the left shoulder and the left side of 
the head. After hospitalization for 3 weeks, it 
was noticed that she kept her left arm inter¬ 
nally rotated by her side with the forearm pro- 
nated. An area of anesthesia was present along 
the lateral side of the upper arm. A diagnosis 
of damage to the upper part of the brachial 
plexus was made. In anatomical terms, explain 
the position adopted bv the left arm in this pa¬ 
tient. The precise nature of the nerve lesions 
and the muscles paralyzed should be stated. 

11. A babv was delivered as a breech presentation. 
During the second stage of labor, the right arm 
was carried up above the head, severely stretch¬ 
ing the lower part of the brachial plexus. As¬ 
sume that 3 months later you were asked to ex¬ 
amine the child. Describe exactly the position 
assumed by the fingers and thumb of the right 
hand and name the muscles that would show 
evidence of wasting. It is assumed that the first 
thoracic root of the brachial plexus had been 
severely damaged. Would you expect to find any 
sensory loss? 

12. Following a left radical mastectomy, a 53-year- 
old woman found that she was unable to raise 
her left arm above the head to comb her 
hair. During the physical examination, she was 
asked to face a wall and push hard against it 
with both outstretched hands. It was noted that 
the inferior angle and medial border of the left 
scapula projected markedly posteriorly during 
this maneuver. Which nerve had been cut dur¬ 
ing the mastectomy operation? Explain in ana¬ 
tomical terms the inability of the patient to 
raise her left arm above her head. Why does she 
demonstrate “winging” of her left scapula? 

13. During examination of a 35-year-old patient for 
left inguinal hernia, it was noticed that he held 
his right forearm pronated and the wrist joint 
and the fingers flexed. He stated that he expe¬ 
rienced difficulty in gripping objects in the 
hand with the wrist always in the flexed posi¬ 
tion. On examination of the upper arm, an old 
scar was seen crossing the posterior surface. On 
being questioned, the patient said that he had 
sustained a fracture of his arm when he was 12 
years old, and this had been followed by an op¬ 
eration some months later, which his physi¬ 


cians had considered to be unsuccessful. Name 
the muscles that were paralyzed in this patient. 
Which nerve was involved in the fracture? Why 
was an operation necessary after the fracture? 
Why was the operation a failure? Why does the 
patient experience difficulty in holding objects 
in the hand? 

14. A 58-year-old woman fell down the stairs and 
dislocated her left shoulder joint. Several days 
after the dislocation had been reduced, it was 
noted that the patient had signs and symptoms 
indicative of radial nerve damage in the axilla. 
Name the muscles that would be paralyzed and 
the area of the skin that would show sensory 
loss. Describe the deformity of the upper limb 
in a person with a long-standing radial nerve 
palsy following damage to the nerve in the ax¬ 
illa. 

15. A 45-vear-old woman was seen in the emer¬ 
gency room with a dislocation of the right 
shoulder joint. A senior medical student was 
asked to examine the patient and make a report 
on possible nerve injuries. He carefully exam¬ 
ined the arm for neurological defects of the 
median, ulnar, radial, and musculocutaneous 
nerves, but found nothing abnormal. He then 
remembered the axillary nerve and its close re¬ 
lationship to the inferior surface of the shoulder 
joint. He also remembered that this nerve sup¬ 
plies the deltoid muscle, which abducts the 
shoulder joint. He asked the patient to try and 
abduct the dislocated shoulder; she could not, 
of course, because of the severe pain. The med¬ 
ical student reported to the resident that he was 
unable to test the axillary nerve for a neurolog¬ 
ical defect. What test would you have carried 
out, using your knowledge of anatomy? 

16. A 6-vear-old boy, running along a concrete path 
with a jam jar in his hand, slipped and fell. The 
glass from the broken jar pierced the skin on 
the front of his left wrist. On examination, a 
small clean wound was seen to be present on 
the front of the left wrist, at the level of the 
proximal transverse crease. The palmarus lon- 
gus tendon had been transected. The thumb 
was laterally rotated and adducted, and the boy 
was unable to oppose his thumb to the other 
fingers. When he was asked to make a fist 
slowly, the flexion of the index and middle fin¬ 
gers lagged behind the ring and little fingers. 
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There was diminished skin sensation over the 
lateral half of the palm of the hand and the 
palmar aspect of the lateral three and one-half 
fingers. There was also sensory loss of the skin 
of the distal parts of the dorsal surface of the 
lateral three and one-half fingers. Using your 
anatomical knowledge, name the structure or 
structures that had been damaged. 

17. A 56-vear-old woman visited her physician 
complaining of severe “pins and needles” in the 
hand and lateral fingers. The condition was be¬ 
coming progressively worse and was more se¬ 
vere at night. She said she had experienced 
difficulty in buttoning up her clothes when 
dressing. On physical examination, the patient 
pointed to the thumb, index, middle, and ring 
fingers as the areas where she felt the discom¬ 
fort. No objective impairment of sensation 
could be detected in those areas. The muscles 
of the thenar eminence appeared to be func¬ 
tioning normally, and there was no loss of 
power or wasting of the thenar eminence. What 
anatomical structure was diseased in this pa¬ 
tient? 

18. A 30-vear-old man visted his physician com¬ 
plaining of “pins and needles” and numbness 
over the front and back surfaces of the little and 
ring fingers of the right hand. The patient had 
also noticed a weakness of his finders of the 
right hand, especially when performing the up¬ 
stroke in writing. On questioning, it was found 
that at the age of 11 he had a fracture of the 
lower end of the right humerus in an automo¬ 
bile accident. On examination, his carrying an¬ 
gle on the right side was noted to be greater 
than on the left (cubitus valgus ), and there was 
some flattening along the medial border of the 
right forearm. There was also flattening of the 
hvpothenar eminence and a loss of curvature 
along the medial border of the hand. On the 
dorsum of the right hand there was evidence 
of “hollowing-out” between the metacarpal 
bones. The patient could draw his thumb 
across the palm, but if asked to pinch a piece 
of paper between his thumb and fingers, the 
terminal phalanx of the thumb had to be flexed 
to grip the paper; the movement of adduction 
of the thumb was extremely weak. He was un¬ 
able to grip a piece of paper by adducting the 
index and middle fingers. He also had loss of 


touch over the medial one and one-half fingers, 
both anteriorly and posteriorly. 

Using vour anatomical knowledge, explain 
this patient’s disability, remembering that in 
his youth he suffered from a supracondylar 
fracture of the humerus. Why was the medial 
border of the forearm flattened? What muscles 
were wasted? Why was the hvpothenar emin¬ 
ence flattened? Why was there “hollowing’out” 
on the dorsum of the hand? Why could the pa¬ 
tient not adduct his thumb or his index and 
middle fingers? 

19. A young typist, running from her office, had a 
glass door swing back in her face. In order to 
protect herself, she held out her left hand, 
which smashed through the glass. The physi¬ 
cian found her sitting on the floor and bleeding 
profusely from a superficial laceration in front 
of her left wrist. She had sensory loss over the 
palmar aspect of the medial one and one-half 
fingers, but normal sensation on the back of 
these fingers. She was unable to grip a piece of 
paper between her left index and middle fin¬ 
gers. All her long flexor tendons were intact. 
Which artery and nerve were cut in the acci¬ 
dent? 

20. A 50-vear-old man fell off the back of a truck 
he was unloading and struck the ground on his 
left arm and side. On getting up, he experi¬ 
enced severe pain and limitation of movement 
of his left shoulder. On examination, the nor¬ 
mal rounded contour of the left shoulder was 
seen to be lost, the long axis of the left arm 
passed upward and medially* and some full¬ 
ness was noted below the lateral part of the 
clavicle. Very little passive movement of the left 
shoulder was permitted by the patient. The 
skin sensation was normal over the lower part 
of the left deltoid muscle. Using your knowl¬ 
edge of anatomy, explain what was wrong with 
the patient. Why had the shoulder lost its nor¬ 
mal contour? Why was there fullness below the 
lateral end of the clavicle? 

21. A 40-year-old man visited his physician com¬ 
plaining of pain of 3 weeks’ duration in his 
right shoulder. On examination, the patient 
could actively abduct his right shoulder to 40 
degrees; thereafter, he experienced severe pain 
that prevented further movement. If the arm 
was then passively raised above a right angle, it 
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could be held actively without pain in that po¬ 
sition. If the patient attempted to lower the 
arm, he again experienced severe pain in the 
middle range of abduction. What is vour diag¬ 
nosis? 

22. A father, seeing his little 5-vear-old boy playing 
in the garden, ran up and picked him up by 
both hands and swung him around in a circle. 
The child’s obvious enjoyment suddenly turned 
to tears, and he said his right elbow hurt. On 
examination, the child held his right elbow 
joint semiflexed and his forearm pronated. 
What is your diagnosis? 

23. A 20-vear-old man fell off his bicycle onto his 
outstretched left hand. He thought he had 
sprained his wrist, but when the pain in his 
wrist persisted for 2 weeks, he sought medical 
advice. On physical examination of the backs of 
both hands, with the fingers and thumbs fully 
extended, a small amount of swelling was seen 
to be present over the anatomical snuffbox of 
his left hand. On deep palpation, a localized 
area of tenderness could be felt over the scaph¬ 
oid bone. A diagnosis of a fractured left scaph¬ 
oid bone was made. For what anatomical rea¬ 
sons do fractures of this bone sometimes fail to 
unite? 

24. An 8-vear-old boy fell off a swing and sustained 
a supracondylar fracture of his left humerus. 
Following the reduction of the fracture, a plas¬ 
ter cast was carefully applied, and the child 
was sent home. A few hours later, the child 
complained of pain in the forearm, which per¬ 
sisted. Four hours later, the parents decided to 
return to the hospital, since the child’s left hand 
looked dusky white, and the pain in the fore¬ 
arm was still present. On examination, there 
was found to be a complete loss of cutaneous 
sensation of the hand. The color of the skin was 
bluish-white, and after the lower part of the 
plaster cast was removed, the pulse of the ra¬ 
dial and ulnar arteries could not be palpated. 
Every possible effort was made to restore the 
circulation of the forearm, without avail. What 
deformity would you expect this child to have 1 
year later? Explain the deformity on anatomical 
grounds. 

25. A 64-vear-old man consulted his physician be¬ 
cause he had noticed during the past 3 months 
a thickening of the skin at the base of his left 


ring finger. As he described it: “There appears 
to be a band of tissue that is pulling my ring 
finger into the palm.” On examination of the 
palms of both hands, a localized thickening of 
the palmar aponeurosis could be felt at the 
base of the left ring and little fingers. The meta¬ 
carpophalangeal joint of the ring finger could 
not be fully extended, either actively or pas¬ 
sively. What was wrong anatomically with the 
left ring finger? 

26. A 26-vear-old woman, while pruning some rose 
bushes, caught the anterior surface of the right 
index finger on a large thorn. Three days later 
the entire finger became swollen, red, and 
painful. On examination, the whole finger was 
found to be swollen and was held in a semi¬ 
flexed position; it was tender, especially along 
the line of the flexor tendons. Flexion of the fin¬ 
ger was difficult, and extension was limited bv 
extreme pain. A small black dot over the ante¬ 
rior surface of the middle phalangeal region 
showed the site of entry of the thorn. With your 
knowledge of anatomy and assuming that the 
thorn was contaminated with infecting organ¬ 
isms, what is your diagnosis? If the diseased 
finger is left untreated, where is the infection 
likely to spread? 

27. A 9-vear-old bov, while climbing over the ruins 
of an old building, slipped and caught his right 
hand on a rusty nail. A deep puncture wound 
occurred on the palm of the hand in front of 
the fourth metacarpal bone. Two days later, the 
wound became painful and tender and the 
back of the hand became swollen. With your 
knowledge of anatomy, and assuming that the 
nail was contaminated with infecting organ¬ 
isms, what is vour diagnosis? 

28. A little 6-vear-old girl decided to use the sewing 
machine when her mother was out of the 
room. When she started the machine, the point 
of the needle entered the pulp of the thumb of 
her left hand. Thirty-six hours later, the child 
woke up in the night complaining of severe 
pain in her thumb. On examination^, the skin 
over the anterior surface of the terminal pha¬ 
lanx of the left thumb was found to be swollen, 
red, and extremely tender to touch. Over the 
center of the pulp was a small area of yellow 
devitalized skin. From your knowledge of the 
anatomy of the region, and assuming that the 
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needle was contaminated with pathogenic or¬ 
ganisms, what is vour diagnosis? What is the 
great danger of infections in this anatomical lo¬ 
cation? What is the lymphatic drainage of this 
area? 

29. A 25-vear-old woman fell from her horse and 
sustained a fracture of the lower end of the 
right radius. The orthopedic surgeon instructed 
the resident to be sure to immobilize the wrist 
joint in the position of function. What is the po¬ 
sition of function? What is the clinical impor¬ 
tance of this position? 

30. A 50-vear-old woman slipped on a shiny floor 
and sustained a fracture of the fifth right meta¬ 
carpal bone. When a plaster cast is applied 
with the little finger flexed, in which direction 
should the little finger be pointing? 

31. During a neurological examination of a 54-year- 
old man, the physician tested the biceps and 
triceps reflexes bv smartly striking the tendons 
of these muscles with a reflex hammer. The re¬ 
flexes were normal on the right side but absent 
on the left side. What is the significance of this 
finding? 


32. A 23-vear-old maid was making a bed in a hotel 
bedroom. As she straightened the sheet, by run¬ 
ning her right hand with her fingers extended 
over the surface of the sheet, she caught the end 
of her index finger in a fold. She experienced a 
sudden severe pain over the base of the termi¬ 
nal phalanx. Several hours later when the pain 
had diminished, she noted that the end of her 
right index finger was swollen and she could 
not extend the terminal phalangeal joint com¬ 
pletely. What is vour diagnosis? 

33. A 26-vear-old woman was driving to work 
when she was hit broadside by another car at a 
road intersection. A radiological examination 
of her left humerus showed an oblique fracture 
of the shaft just proximal to the deltoid tuber¬ 
osity. Using your knowledge of anatomy, ex¬ 
plain the possible displacement of the proximal 
and distal fragments that might have occurred. 
Which nerve might have been damaged in a 
fracture of this type? 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) If (1) is correct only 

(b) If (2) is correct only 

(c) If BOTH (1) AND (2) ARE correct, and 

(d) If neither (1) nor (2) is correct 

1. Concerning the mammary gland: 

(1) In the female, the greater part of the 
mammary gland lies in the superficial fas¬ 
cia; the axillary tail, however, pierces the 
deep fascia and becomes closely related to 
the axillary blood vessels. 

(2) In the male, the duct system does not ex¬ 
tend beyond the margin of the areola. 

2. Concerning the brachial artery: 

(1) Its pulsations may be felt in the arm be¬ 
neath the medial border of the biceps bra- 
chii. 

(2) In the cubital fossa, the artery lies super¬ 
ficial to the bicipital aponeurosis. 

3. Concerning the region of the elbow joint: 

(1) When the elbow joint is flexed, the medial 
and lateral epicondyles of the humerus 
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and the olecranon process of the ulna lie 
on the same straight line. 

(2) The ulnar nerve can be palpated as it lies 
in front of the medial epicondyle of the hu¬ 
merus. 

4. Concerning the region of the wrist joint: 

(1) The styloid process of the radius lies about 
% inches (1.9 cm) distal to that of the 
ulna. 

(2) The ulnar nerve lies immediately medial 
to the pisiform bone. 

5. Concerning the superficial veins of the upper 
limb: 

(1) The cephalic vein reaches the front of the 
forearm by winding around the medial 
side of the wrist. 

(2) The basilic vein ends by piercing the clav- 
ipectoral fascia and draining into the ax¬ 
illary vein. 

6. (1) The pulse of the radial artery can be felt in 

front of the distal end of the radius, lateral 
to the tendon of the flexor carpi radialis. 
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(2) The pulse of the ulnar artery can be felt 
where it passes superficial to the flexor re¬ 
tinaculum. 


In the following questions, answer: 

(a) If only (1), (2), and (3) are correct 

(b) If only (1) and (3) are correct 

(c) If only (2) and (4) are correct 
fd) If all are correct 

7. The glenoid cavity of the scapula is rotated up¬ 
ward by which of the following muscles? 

(1) Levator scapulae 

(2) Serratus anterior 

(3) Rhomboid minor 

(4) Trapezius 

8. Structures that pass posterior to the flexor ret¬ 
inaculum of the wrist include: 

(1) Flexor digitorium superficialis tendons 

(2) Median nerve 

(3) Anterior interosseous nerve 

(4) Ulnar nerve 

9. Muscles that insert into the proximal phalanx 
of the thumbs include: 

(1) Abductor pollicis brevis 

(2) First palmar interosseous 

(3) Adductor pollicis 

(4) Abductor pollicis longus 

10. Adductors of the hand at the wrist joint in¬ 
clude: 

(1) Brachioradialis 

(2) Flexor carpi ulnaris 

(3) Extensor carpi radialis brevis 

(4) Extensor carpi ulnaris 

11. Which of the following bones form the proxi¬ 
mal row of carpal bones? 

(1) Scaphoid 

(2) Lunate 

(3) Triquetral 

(4) Capitate 

12. The muscles of the rotator cuff include: 

(1) Teres minor 

(2) Subscapularis 

(3) Supraspinatus 

(4) Infraspinatus 

13. Muscles that can flex the forearm include: 

(1) Brachialis 

(2) Brachioradialis 

(3) Pronator teres 

(4) Anconeus 


14. Muscles that can extend the middle and distal 
phalanges of the index finger include: 

(1) The first dorsal interosseous 

(2) The first lumbrical 

(3) The second palmar interosseous 

(4) Extensor carpi radialis longus 


Match the statement on the left with the cor¬ 
rect nerve on the right: 

15. Hvperextension of (a) Ulnar 

the proximal pha¬ 
langes of the little (b) Axillary 

and ring fingers 

(i.e., claw hand) (c) Radial 

can result from 

damage to the (d) Median 

_ nerve. 


16. Wrist drop can re¬ 
sult from damage 
to the 


nerve. 


17. An inability to op¬ 
pose the thumb to 
the little finger can 
result from damage 
to the _ nerve. 


Match the sensory innervation of the skin of 
the hand and fingers on the left with the most 
appropriate nerve on the right: 

18. Nail bed of index (a) Median nerve 

finger (b) Radial nerve 

_ . (c) Dorsal cutaneous 

19. Medial side of palm branch of ulnar 

20. Dorsal surface of nerve 

root of thumb W) Superficial branch 

of ulnar nerve 

21. Medial side of pal- (e) Palmar cutaneous 

mar aspect of ring branch of ulnar 

finger nerve 
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Match the nerves on the left with their origins 
from the brachial plexus on the right: 


22. Musculocutaneous 

(a) Posterior cord 

nerve 

(b) Lateral cord 

23. Suprascapular 

(c) Both medial and 

nerve 

lateral cords 

24. Median nerve 

(d) Upper trunk 

25. Thoracodorsal 

(e) None of the above 

nerve 


26. Axillary nerve 


Multiple choice: 

27. The quadrilateral 

space is bounded by the fol 


lowing structures, except the: 

(a) Surgical neck of the humerus 

(b) Long head of triceps 

(c) Deltoid 

(d) Teres major 

(e) Teres minor 

28. The lymph from the upper lateral quadrant of 
the mammary gland drains mainly into the: 

(a) Lateral axillary nodes 

(b) Internal thoracic nodes 

(c) Posterior axillary nodes 

(d) Anterior axillary nodes 

(e) Deltopectoral group of nodes 

29. The main ligamentous union between the clav¬ 
icle and the remainder of the upper limbs is 
the: 

(a) Coracoacromial ligament 

(b) Costoclavicular ligament 

(c) Sternoclavicular ligament 

(d) Coracoclavicular ligament 

(e) Intertubercular ligament 

30. Which of the following statements is not true 
of the metacarpophalangeal joint of the middle 
finger? 

(a) It is a synovial joint. 

(b) Flexion of the joint can be brought about 
bv the lumbrical and interossei muscles. 

(c) Flexion, extension, abduction, and adduc¬ 
tion are possible at this joint. 

(d) The dorsal ligament of the joint is united 
to the dorsal ligament of adjacent meta¬ 
carpophalangeal joints by the deep trans¬ 
verse metacarpal ligaments. 

(e) The collateral ligaments pass downward 
and forward from the head of the meta¬ 
carpal bone to the base of the phalanx. 


31. Following injury to a nerve at the wrist, the 
thumb is laterally rotated and adducted. The 
hand has a flattened appearance and is “ape¬ 
like.” Which of the following nerves is dam¬ 
aged? 

(a) Ulnar nerve 

(b) Anterior interosseous nerve 

(c) Deep radial nerve 

(d) Musculocutaneous nerve 

(e) Median nerve 

32. A patient is found to have pus in the midpal- 
mar space. The space is: 

(a) The space around the hypothenar muscles. 

(b) The synovial sheath for the flexor pollicis 
longus tendon. 

(c) The ulnar bursa. 

(d) The space around the muscles of the 
thenar eminence. 

(e) A space lying medial to a fibrous septum, 
attaching the palmar aponeurosis to the 
third metacarpal bone. 

33. The radial nerve gives off the following 
branches in the posterior compartment of the 
arm, except the: 

(a) Lateral head of the triceps 

(b) Lower lateral cutaneous nerve of the arm 

(c) Medial head of the triceps 

(d) Brachioradialis 

(e) Anconeus 

34. The medial collateral ligament of the elbow 
joint is closely related to the following struc¬ 
ture: 

(a) Brachial artery 

(b) Radial nerve 

(c) Ulnar artery 

(d) Basilic vein 

(e) Ulnar nerve 

35. All of the following statements concerning the 
brachial plexus are true except: 

(a) The roots C8 and T1 join to form the lower 
trunk. 

(b) The roots, trunks, and divisions are not lo¬ 
cated in the axilla. 

(c) The nerve that innervates the levator scap¬ 
ulae is a branch of the upper trunk. 

(d) The cords are named according to their 
position relative to the first part of the ax¬ 
illary artery. 

(e) No nerves originate as branches from the 
individual divisions of the brachial plexus. 






10. The Lower Limb 


The primary function of the lower limbs is to sup¬ 
port the weight of the body and to provide a stable 
foundation in standing, walking, and running; they 
have become specialized for locomotion. 

The lower limbs, although similar in structure 
in many respects to the upper limbs, have less free¬ 
dom of movement. Whereas the pectoral girdle of 
the upper limb is united to the trunk by only a 
small joint, the sternoclavicular joint, the two hip 
bones articulate posteriorly with the trunk at the 
strong sacroiliac joints and anteriorly with each 
other at the symphysis pubis. The result is that the 
lower limbs are more stable and can bear the 
weight of the body during standing, walking, and 
running. 

Each lower limb may be divided into the gluteal 
region, the thigh, the knee, the leg, the ankle, and 
the foot. 


SURFACE ANATOMY_ 

The following information should be verified on 
the living body. An adequate physical examination 


of the lower limb of a patient requires a sound 
knowledge of the surface anatomy of the region. 


Gluteal Region 

The iliac crests are easily palpable along their entire 
length (Figs. 10-1 and 10-2). Each crest ends in 
front at the anterior superior iliac spine (Fig. 10-3), 
and behind at the posterior superior iliac spine (Fig. 
10-1); the latter lies beneath a skin dimple at the 
level of the second sacral vertebra and the middle 
of the sacroiliac joint. The iliac tubercle is a prom¬ 
inence felt on the outer surface of the iliac crest 
about 2 inches (5 cm) posterior to the anterior su¬ 
perior iliac spine (Fig. 10-2). 

The ischial tuberosity can be palpated in the 
lower part of the buttock (Figs. 10-1 and 10-2). In 
the standing position, the tuberosity is covered by 
the gluteus maximus. In the sitting position, the 
ischial tuberosity emerges from beneath the lower 
border of the gluteus maximus and supports the 
weight of the body; in this position, the tuberosity 
is separated from the skin by only a bursa and a 
pad of fat. 
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Fig, 10-1. The gluteal region and posterior aspect of 
the thigh of a 25-year-old female. 


The greater trochanter of the femur can be felt 
on the lateral surface of the thigh (Figs. 10-1 and 
10-2) and moves beneath the examining finger as 
the hip joint is flexed and extended. It is important 
to verify that in the normal hip joint, the upper bor¬ 
der of the greater trochanter lies on a line connect¬ 
ing the anterior superior iliac spine to the ischial 
tuberosity (Fig. 10-2). 

The tip of the coccyx may be palpated beneath 
the skin in the upper part of the natal cleft (Fig. 10- 
2 ). 

The fold of the nates , or buttocks , is most prom¬ 
inent in the standing position; its lower border does 
not correspond to the lower border of the gluteus 
maximus muscle. 

The sciatic nerve in the buttock lies under cover 
of the gluteus maximus muscle. As it curves lat¬ 
erally and downward, it is situated at first midway 
between the posterior superior iliac spine and the 
ischial tuberosity and lower down, midway be¬ 
tween the tip of the greater trochanter and the is¬ 
chial tuberosity (Figs. 10-1 and 10-2). 


Inguinal Region 

The inguinal ligament may be felt along its length. 
It is attached laterally to the anterior superior iliac 
spine and medially to the pubic tubercle (Figs. 10- 
2 and 10-3). 

The symphysis pubis is a cartilaginous joint that 
lies in the midline between the bodies of the pubic 
bones (Fig. 10-3). The upper margin of the sym¬ 
physis pubis and the bodies of the pubic bones may 
be felt on palpation. 

The pubic tubercle is easily palpated in the male 
by invaginating the scrotum with the examining 
finger, and the tubercle is felt on the upper border 
of the body of the pubis (Figs. 10-2 and 10-3). In 
both sexes, the tendon of the adductor longus 
forms the medial boundary of the upper part of the 
thigh, and if this is traced upward, it leads to the 
pubic tubercle. 


Femoral Triangle 

The femoral triangle can be seen as a depression 
below the fold of the groin in the upper part of the 
thigh (Figs. 10-2 and 10-3). In a thin, muscular 
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Fig. 10-2. Surface markings in gluteal region and 
front of thigh. 




























10. The Lower Limb 


556 


inguinal 1igament 



anterior superior 
iliac spine 


femoral triangle 


sartorius 


rectus femoris 


patella 


vastus medial is 


symphysis pubis 


vastus medial is 


vastus lateralis 


rectus femoris 


subsartorial 
adductor canal] 


pubic tubercle 


site for palpation 
of femoral artery 


adductor longus 


patella 


Fig. 10-3. Anterior aspect of the thigh of a 27-year- 
old male. The broken lines indicate the boundaries 
of the femoral triangle. The right leg is laterally ro¬ 
tated at the hip joint. 

subject, the boundaries of the triangle can be iden¬ 
tified when the thigh is flexed, abducted, and lat¬ 
erally rotated. The base of the triangle is formed by 
the inguinal ligament, the lateral border by the sar¬ 
torius muscle, and the medial border by the adduc¬ 
tor longus muscle. 

The horizontal group of superficial inguinal 
lymph nodes may be palpated in the superficial fas¬ 
cia just below and parallel to the inguinal ligament 
(Fig. 10-19). 

The femoral artery enters the thigh behind the 
inguinal ligament (Fig. 10-21) at the midpoint of a 
line joining the symphysis pubis to the anterior su¬ 
perior iliac spine; its pulsations are easily felt (Fig. 
10-3). 

The femoral vein leaves the thigh by passing be¬ 
hind the inguinal ligament medial to the pulsating 
femoral artery (Fig. 10-21). 


The lower opening of the femoral canal lies be¬ 
low and lateral to the pubic tubercle (Figs. 10-19 
and 10-21). 

The femoral nerve enters the thigh behind the 
midpoint of the inguinal ligament, i.e., lateral to 
the pulsating femoral artery (Fig. 10-21). 

The great saphenous vein pierces the saphenous 
opening in the deep fascia (fascia lata) of the thigh 
and joins the femoral vein IV 2 inches (4 cm) below 
and lateral to the pubic tubercle (Figs. 10-18 and 
10-19). 


Adductor Canal 

The adductor ( subsartorial ) canal lies in the mid¬ 
dle third of the thigh (Fig. 10-3), immediately dis¬ 
tal to the apex of the femoral triangle. It is an in¬ 
termuscular cleft situated beneath the sartorius 
muscle and is bounded laterally by the vastus me- 
dialis muscle and posteriorly by the adductor lon¬ 
gus and magnus muscles. It contains the femoral 
vessels and the saphenous nerve. 
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Fig. 10-4. Anterior aspect of the right knee of a 27- 
year-old male. 


Knee Region 

The popliteal fossa is a diamond-shaped depres¬ 
sion situated behind the knee (Fig. 10-5). When the 
knee is flexed, the deep fascia, which roofs over the 
fossa, is relaxed and the boundaries are easily de¬ 
fined. Its upper part is bounded laterally by the 
tendon of the biceps femoris muscle and medially 
by the tendons of the semimembranosus and semi- 
tendinosus muscles. Its lower part is bounded on 
each side by one of the heads of the gastrocnemius 
muscle. 

The common peroneal nerve can be palpated on 
the medial side of the tendon of the biceps femoris 
(Fig. 10-5), as the latter passes to its insertion on 
the head of the fibula. With the knee joint partially 
flexed, the nerve can be rolled beneath the finger. 

The popliteal artery can be felt pulsating in the 
depths of the popliteal fossa, provided that the 
deep fascia is fully relaxed by passively flexing the 
knee joint. 

In front of the knee, the patella and the ligamen¬ 
tum patellae can be readily palpated (Fig. 10-4). 


On the sides of the knee, the condyles of the femur 
and tibia can be recognized, and the joint line can 
be identified. On the lateral aspect of the knee, the 
rounded tendon of biceps can be traced to the head 
of the fibula (Fig. 10-4). Just below the head of the 
fibula, the common peroneal nerve can be rolled be¬ 
neath the examining finger as it passes around the 
lateral side of this bone (Fig. 10-5). On the medial 
aspect of the knee, the adductor tubercle can be 
palpated just above the medial condyle of the fe¬ 
mur; the tendon of the hamstring part of the ad¬ 
ductor magnus can be felt passing to it (Fig. 10-5). 


Tibia 

The medial surface and anterior border of the tibia 
are subcutaneous and can be felt throughout their 
length (Fig. 10-4). 


Ankle Region and Foot 

In the region of the ankle, the fibula is subcuta¬ 
neous and may be followed downward to form the 
lateral malleolus (Figs. 10-5 and 10-6). The tip of 
the medial malleolus of the tibia lies about Vz inch 
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Fig. 10-6. (A) Lateral aspect and (B) medial aspect 
of the right ankle of a 29-year-old female. 


(1.3 cm) proximal to the level of the tip of the lat¬ 
eral malleolus (Fig. 10-5 and 10-6). 

In the interval behind the medial malleolus (Fig. 
10-5) and the medial surface of the calcaneum lie 
the following structures, in the order named: (1) 
the tendon of tibialis posterior, (2) the tendon of 
flexor digitorum longus, (3) the posterior tibial ves¬ 
sels, (4) the posterior tibial nerve, and (5) the ten¬ 
don of flexor hallucis longus. The pulsations of the 
posterior tibial artery may be felt halfway between 
the medial malleolus and the heel (Fig. 10-7). Be¬ 
hind the lateral malleolus are the tendons of pero¬ 
neus brevis and longus (Figs. 10-6 and 10-7). 

On the anterior surface of the ankle joint, the 
tendon of tibialis anterior can be seen when the 
foot is dorsiflexed and inverted (Figs. 10-5 and 10- 


Fig. 10-5. Surface markings in popliteal fossa, front 
of leg, and foot. 


7). The tendon of extensor hallucis longus lies lat¬ 
eral to it and can be made to stand out by extend¬ 
ing the big toe (Figs. 10-5 and 10-7). Lateral to the 
extensor hallucis longus lie the tendons of extensor 
digitorum longus and peroneus tertius. The pulsa¬ 
tions of the dorsalis pedis artery may be felt be¬ 
tween the tendons of extensor hallucis longus and 
extensor digitorum longus, midway between the 
two malleoli on the front of the ankle. 

On the posterior surface of the ankle joint the 
prominence of the heel is formed by the calcaneum. 
Above the heel is the tendo calcaneus (Achilles ten¬ 
don) (Fig. 10-7). 

On the dorsum of the foot, the head of the talus 
can be palpated just in front of the malleoli (Fig. 
10-6). The tendons of extensor digitorum longus 
and extensor hallucis longus can be made promi¬ 
nent by dorsiflexing the toes (Fig. 10-5). 

The dorsal venous arch or plexus can be seen on 
the dorsal surface of the foot proximal to the toes 
(Figs. 10-6 and 10-18). The great saphenous vein 
leaves the medial part of the plexus and passes up 
ward in front of the medial malleolus (Fig. 10-6) 
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Fig. 10-7. (A) Anterior aspect and (B) posterior as¬ 
pect of the right foot and ankle of a 29-year-old 
female. 


The small sapltenons vein drains the lateral part of 
the plexus and passes up behind the lateral malleo¬ 
lus (Fig. 10-18). 

On the lateral aspect of the foot, the peroneal 
tubercle of the calcaneum can be palpated about 1 
inch (2.5 cm) below and in front of the tip of the 
lateral malleolus (Fig. 10-5). Above the tubercle, 
the tendon of peroneus brevis passes forward to its 
insertion on the prominent tuberosity on the base 
of th e fifth metatarsal bone (Fig. 10-6). Below the 
tubercle the tendon of peroneus longus passes for¬ 
ward to enter the groove on the under aspect of the 
cuboid bone. 

On the medial aspect of the foot, the sustentac¬ 
ulum tali can be palpated about 1 inch (2.5 cm) 
below the tip of the medial malleolus (Fig. 10-6). 
The tendon of tibialis posterior lies immediately 
above the sustenaculum tali; the tendon of flexor 
digitorum longus crosses its medial surface; and 


the tendon of flexor hallucis longus winds around 
its lower surface. 

In front of the sustentaculum tali, the tuberosity 
of the navicular bone can be seen and palpated 
(Fig. 10-6). It receives the main part of the tendon 
of insertion of the tibialis posterior muscle. 


THE GLUTEAL REGION 

The gluteal region, or buttock, is bounded superi¬ 
orly by the iliac crest and inferiorly by the fold of 
the buttock. The region is largely made up of the 
gluteal muscles and a thick layer of superficial fas¬ 
cia. 


The Skin of the Buttock 

The cutaneous nerves (Fig. 10-9) are derived from 
posterior and anterior rami of spinal nerves, as fol¬ 
lows: 

1. The upper medial quadrant is supplied by the - 
posterior rami of the upper three lumbar nerves 1 
and the upper three sacral nerves. 
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Fig. 10-8. Cutaneous nerves of anterior surface of 
right lower limb. 
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Fig. 10-9. Cutaneous nerves of posterior surface of 
right lower limb. 
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2. The upper lateral quadrant is supplied by the 
lateral branches of the iliohypogastric (LI) and 
twelfth thoracic nerves (anterior rami). 

3. The lower lateral quadrant is supplied by 
branches from the lateral cutaneous nerve of the 
thigh (L2 and 3, anterior rami). 

4. The lower medial quadrant is supplied by 
branches from the posterior cutaneous nerve of 
the thigh (SI, 2, and 3, anterior rami). 

The skin over the coccyx in the floor of the natal 
cleft is supplied by small branches of the lower sac¬ 
ral and coccygeal nerves. 

The lymphatic vessels drain into the lateral group 
of the superficial inguinal nodes (Figs. 10-19 and 
10-28). 


Fascia of the Buttock 

The superficial fascia is thick, especially in women, 
and is impregnated with large quantities of fat. It 
is responsible for the prominence of the buttock. 

The deep fascia is continuous below with the 
deep fascia, or fascia lata, of the thigh. In the glu¬ 
teal region it splits to enclose the gluteus maximus 
muscle (Fig. 10-15). Above the gluteus maximus it 
continues as a single layer that covers the outer sur¬ 
face of the gluteus medius and is attached to the 
iliac crest. On the lateral surface of the thigh, the 
fascia is thickened to form a strong, wide band, the 
iliotibial tract (Figs. 10-15 and 10-21). This is at¬ 
tached above to the tubercle of the iliac crest and 
below to the lateral condyle of the tibia. The iliotib¬ 
ial tract forms a sheath for the tensor fasciae latae 
muscle and receives the greater part of the inser¬ 
tion of the gluteus maximus. 


Bones of the Gluteal Region 

HIP BONE _ 

The ilium, together with the ischium and pubis, 
form the hip bone (Figs. 10-10 and 10-11). They 
meet one another at the acetabulum. The hip 
bones articulate with the sacrum at the sacroiliac 
joints and form the anterolateral walls of the pel¬ 
vis; they also articulate with one another anteriorly 
at the symphysis pubis. The detailed structure of 
the internal aspect of the bony pelvis is considered 
on page 301 

The important features found on the outer sur¬ 


face of the hip bone in the gluteal region are as 
follows: 

The ilium, which is the upper flattened part of 
the bone, possesses the iliac crest (Fig. 10-11). This 
can be felt through the skin along its entire length; 
it ends in front at the anterior superior iliac spine, 
and behind at the posterior superior iliac spine. The 
iliac tubercle lies about 2 inches (5 cm) behind the 
anterior superior spine. Below the anterior superior 
iliac spine is a prominence, the anterior inferior il¬ 
iac spine; a similar prominence, the posterior infe¬ 
rior iliac spine, is located below the posterior su¬ 
perior iliac spine. Above and behind the 
acetabulum, the ilium possesses a large notch, the 
greater sciatic notch (Figs. 10-10 and 10-11). 

The outer surface of the ilium is undulating, 
being convex in front and concave behind. It is 
marked by three curved gluteal lines, the posterior 
gluteal line, the middle gluteal line, and the inferior 
gluteal line (Fig. 10-11). 

The ischium is L-shaped, possessing an upper 
thicker part, the body, and a lower thinner part, 
the ramus (Figs. 10-10 and 10-11). The ischial 
spine projects from the posterior border of the is¬ 
chium and intervenes between the greater and 
lesser sciatic notches. The ischial tuberosity forms 
the posterior aspect of the lower part of the body 
of the bone. The greater and lesser sciatic notches 
are converted into greater and lesser sciatic fora¬ 
mina by the presence of the sacrospinous and sac- 
rotuberous ligaments. (See p. 312.) 

The pubis may be divided into a body, a superior 
ramus, and an inferior ramus (Fig. 10-11). The 
bodies of the two pubic bones articulate with each 
other in the midline anteriorly at the symphysis 
pubis; the superior ramus joins the ilium and is¬ 
chium at the acetabulum, and the inferior ramus 
joins the ischial ramus below the obturator fora¬ 
men. The obturator foramen in life is filled in by 
the obturator membrane. (See p. 312.) The pubic 
crest forms the upper border of the body of the 
pubis, and it ends laterally as the pubic tubercle 
(Figs. 10-10 and 10-11). 

On the outer surface of the hip bone there is a 
deep depression called the acetabulum; this artic¬ 
ulates with the almost spherical head of the femur 
to form the hip joint (Figs. 10-11 and 10-12). The 
inferior margin of the acetabulum is deficient and 
is marked by the acetabular notch (Fig. 10-11). The 
articular surface of the acetabulum is limited to a 
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Fig. 10-10. (A) Medial surface and (B) lateral sur¬ 
face of right innominate bone. Note the lines of fu¬ 
sion between the three bones—the ilium, the is¬ 
chium, and the pubis. 
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Fig. 10-11. Muscles and ligaments attached to exter¬ 
nal surface of right hip bone. 

horseshoe-shaped area and is covered with hyaline 
cartilage. The floor of the acetabulum is nonartic- 
ular and is called the acetabular fossa (Fig. 10-11). 

It is important that the student understand the 
correct orientation of the bony pelvis relative to the 
trunk when the individual is standing in the ana¬ 
tomical position. The front of the symphysis pubis 
and the anterior superior iliac spines should lie in 
the same vertical plane. This means that the pelvic 
surface of the symphysis pubis faces upward and 
backward and the anterior surface of the sacrum 
is directed forward and downward. 

The important muscles and ligaments that are 


attached to the outer surface of the hip bone are 
shown in Figure 10-11. 


FEMUR 

The upper end of the femur has a head, neck, and 
greater and lesser trochanters (Figs. 10-13 and 10- 
14). The head forms about two-thirds of a sphere 
and articulates with the acetabulum of the hip 
bone to form the hip joint (Fig. 10-12). In the cen¬ 
ter of the head there is a small depression called 
the^bvra capitis , for the attachment of the liga¬ 
ment of the head. Part of the blood supply to the 
head of the femur is conveyed along this ligament 
and enters the bone at the fovea. 
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Fig. 10-12. Muscles attached to external surface of 
right hip bone and posterior surface of femur. 

The neck, which connects the head to the shaft, 
passes downward, backward, and laterally and 
makes an angle of about 125 degrees (slightly less 
in the female) with the long axis of the shaft. The 
size of this angle should be remembered, since it 
can be altered by disease. 

The greater and lesser trochanters are large em¬ 
inences situated at the junction of the neck and the 
shaft (Figs. 10-13 and 10-14). Connecting the two 
trochanters are the intertrochanteric line anteriorly 
and a prominent intertrochanteric crest posteriorly, 
on which is the quadrate tubercle (Fig. 10-14). 


The shaft of the femur shows a general forward 
convexity. It is smooth and rounded on its anterior 
surface, but has posteriorly a ridge, the linea as - 
pera (Fig. 10-14). The margins of the linea aspera 
diverge above and below. The medial margin con¬ 
tinues below as the medial supracondylar ridge to 
the adductor tubercle on the medial condyle (Fig. 
10-14). The lateral margin becomes continuous be¬ 
low with the lateral supracondylar ridge. On the 


Fig. 10-13. Muscles and ligaments attached to ante¬ 
rior surface of right femur. 
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Fig. 10-14. Muscles and ligaments attached to pos¬ 
terior surface of right femur. 
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posterior surface of the shaft below the greater tro¬ 
chanter is the gluteal tuberosity, which is continu¬ 
ous below with the linea aspera. The shaft becomes 
broader toward its distal end and forms a flat tri¬ 
angular area on its posterior surface, called the 
popliteal surface (Fig. 10-14). 

The lower end of the femur has lateral and me¬ 
dial condyles, separated posteriorly by the intercon¬ 
dylar notch. The anterior surfaces of the condyles 
are joined by an articular surface for the patella. 
The two condyles take part in the formation of the 
knee joint. Above the condyles are the medial and 
lateral epicondyles (Fig. 10-14). The adductor tu¬ 
bercle is continuous with the medial epicondyle. 

The important muscles and ligaments that are 
attached to the femur are shown in Figures 10-13 
and 10-14. 


Muscles of the Gluteal Region 

GLUTEUS MAXIMUS (FIG. 10-15) 

The gluteus maximus is the largest muscle in the 
body. It lies superficial in the gluteal region and is 
largely responsible for the prominence of the but¬ 
tock. 


Origin 

From the outer surface of the ilium behind the pos¬ 
terior gluteal line; from the adjacent posterior sur¬ 
face of the sacrum and coccyx; and from the sac- 
rotuberous ligament. (See p. 312.) 


Insertion 

The fibers pass downward and laterally, and the 
majority are inserted into the iliotibial tract; some 
of the deeper fibers are inserted into the gluteal 
tuberosity of the femur. 


Nerve Supply 

Inferior gluteal nerve. 


Action 

It extends and laterally rotates the hip joint; 
through the iliotibial tract it helps to maintain the 
knee joint in extension. It is most commonly used 


as an extensor of the trunk on the thigh, as, for 
example, when raising the trunk from the sitting 
or stooping positions. 

Three bursae are usually associated with the glu¬ 
teus maximus: (1) betwen the tendon of insertion 
and the greater trochanter; (2) between the tendon 
of insertion and the vastus lateralis; and (3) over¬ 
lying the ischial tuberosity. 


GLUTEUS MEDIUS (FIGS. 10-15 
AND 10-16) 

The gluteus medius is a thick fan-shaped muscle 
and its posterior part is covered by the gluteus 
maximus. 


Origin 

From the outer surface of the ilium between the 
iliac crest above, the posterior gluteal line behind, 
and the middle gluteal line below. 


Insertion 

The fibers pass downward and laterally and are at¬ 
tached to the lateral surface of the greater trochan¬ 
ter. 


Nerve Supply 

Superior gluteal nerve. 


Action 

Acting with the gluteus minimus and the tensor 
fasciae latae, the thigh is powerfully abducted at 
the hip joint. Its most important action takes place 
in walking or running; the three muscles contract 
and steady the pelvis on the lower limb. When the 
foot of the opposite side is taken off the ground and 
thrust forward, the pelvis is held in position and 
does not tilt downward on the unsupported side. 
(See p. 687.) The anterior fibers also medially ro¬ 
tate the thigh. 


GLUTEUS MINIMUS (FIG. 10-16)_ 

The gluteus minimus is fan-shaped and lies deep 
to the gluteus medius. 
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gluteus maximus 
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iliotibial tract 


vastus lateralis 


long head of biceps 


deep fascia 
(fascia lata) 


Fig. 10-15. Right gluteus maximus muscle. 
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Fig, 10-16, Structures present in right gluteal re¬ 
gion; greater part of gluteus maximus and part of 
gluteus medius have been removed. 
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10. The Lower Limb 


Origin 

From the outer surface of the ilium between the 
middle and inferior gluteal lines. 


Insertion 

The fibers pass downward and laterally and are at¬ 
tached to the anterior surface of the greater tro¬ 
chanter. 


Nerve Supply 
Superior gluteal nerve. 


Action 

Acting will) the gluteus medius and the tensor fas¬ 
ciae latae, the thigh is powerfullv abducted at the 
hip joint. (See p. 604.) The anterior fibers also me¬ 
dially rotate the thigh. 


TENSOR FASCIAE LATAE (FIGS. 10-16, 

10-17, AND 10-21) 

Origin 

From the outer edge of the iliac crest between the 
anterior superior iliac spine and the iliac tubercle. 


Insertion 

The fibers run downward and slightly backward, 
enclosed within a sheath formed by the iliotibial 
tract of the fascia lata; the fibers are inserted into 
the iliotibial tract. 


Nerve Supply 
Superior gluteal nerve. 


Action 

It exerts traction on the iliotibial tract. It thus as¬ 
sists the gluteus maximus muscle in maintaining 
the knee in the extended position. As long as the 
iliotibial tract remains in front of the axis of flexion 
of the knee, it assists in keeping the knee extended. 
Very often, when one is standing upright, the up¬ 
ward pull of the iliotibial tract is the most impor¬ 


tant factor in keeping the knee extended; the quad¬ 
riceps muscles may be relaxed. 


PIRIFORMIS (FIG. 10-16) 

The piriformis muscle lies partly within the pelvis 
at its origin. It emerges through the greater sciatic 
foramen to enter the gluteal region. Its position in 
the gluteal region serves to separate the superior 
gluteal vessels and nerves from the inferior gluteal 
vessels and nerves (Fig. 10-16). 


Origin 

From the anterior surface of the second, third, and 
fourth sacral vertebrae within the pelvis. 


Insertion 

The fibers pass downward and laterally through 
the greater sciatic foramen and are attached to the 
upper border of the greater trochanter. 


Nerve Supply 

Anterior rami of the first and second sacral nerves. 


Action 

Lateral rotator of the thigh at the hip joint. 


GEMELLUS SUPERIOR (FIG. 10-16) 
Origin 

Spine of the ischium. 


Insertion 

With the tendon of the obturator internus (see be¬ 
low). 


Nerve Supply 

Nerve to the obturator internus from the sacral 
plexus. 


Action 

Lateral rotator of the thigh at the hip joint. 
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Fig. 10-17. Deep structures present in right gluteal 
region; gluteus maximus and gluteus medius mus¬ 
cles have been completely removed. 
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GEMELLUS INFERIOR (FIG. 10-16) 
Origin 

Upper margin of the ischial tuberosity. 


Insertion 

With the tendon of obturator internus (see below). 


Nerve Supply 

Nerve to the quadratus femoris from the sacral 
plexus. 


Action 

Lateral rotator of the thigh at the hip joint. 


OBTURATOR INTERNUS 

The obturator internus lies partly within the pelvis 
at its origin. It emerges through the lesser sciatic 
foramen to enter the gluteal region. 


Origin 

From the pelvic surface of the obturator membrane 
and the surrounding bones. (See p. 312.) 


Insertion 

The tendon passes out of the pelvis through the 
lesser sciatic foramen and is joined by the superior 
and inferior gemelli. The common tendon is in¬ 
serted into the upper border of the greater trochan¬ 
ter. 


Nerve Supply 

Nerve to the obturator internus from the sacral 
plexus. 


Action 

Lateral rotator of the thigh at the hip joint. 


QUADRATUS FEMORIS (FIGS. 10-16 AND 
10-17) _ 

Origin 

From the lateral border of the ischial tuberosity. 


Insertion 

The fibers pass laterally to be inserted into the 
quadrate tubercle on the intertrochanteric crest of 
the femur. 


Nerve Supply 

A branch from the sacral plexus. 


Action 

Lateral rotator of the thigh at the hip joint. 


Muscles of the Gluteal Region—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-1. 


Nerves of the Lower Limb 

The nerves entering the lower limb provide the fol¬ 
lowing important functions: (1) sensory innerva¬ 
tion to the skin and deep structures such as the 
joints, (2) motor innervation to the muscles, (3) 
sympathetic vasomotor nerves that influence the 
diameters of the blood vessels, and (4) sympathetic 
secretomotor supply to the sweat glands. 

The nerves that innervate the lower limb origi¬ 
nate from the lumbar plexus, situated in the ab¬ 
domen (see p. 261), and the sacral plexus, situated 
in the pelvis (see p. 314). These plexuses permit 
nerve fibers derived from different segments of the 
spinal cord to be arranged and distributed effi¬ 
ciently in different nerve trunks to the various parts 
of the lower limb. 


Nerves of the Gluteal Region 

SCIATIC NERVE 

The sciatic nerve, a branch of the sacral plexus (L4 
and 5; SI, 2, and 3), emerges from the pelvis 
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Table 10-1. Muscles of the Lower Limb—Muscles of the Gluteal Region 


Name of muscle 

Origin 

Insertion 

Nerve Supply 

Action 

Gluteus maximus 

Outer surface of 
ilium, sacrum, 
coccyx, 
sacrotuberous 
ligament 

Iliotibial tract and 
gluteal tuberosity 
of femur 

Inferior gluteal 
nerve 

Extends and 
laterally rotates 
hip joint; through 
iliotibial tract, it 
extends knee joint 

Gluteus medius 

Outer surface of 
ilium 

Lateral surface of 
greater trochanter 
of femur 

Superior gluteal 
nerve 

Abducts thigh at 
hip joint; tilts 
pelvis when 
walking to permit 
opposite leg to 
clear ground 

Gluteus minimus 

Outer surface of 
ilium 

Anterior surface of 
greater trochanter 
of femur 

Superior gluteal 
nerve 

Abducts thigh at 
hip joint; tilts 
pelvis when 
walking to permit 
opposite leg to 
clear ground 

Tensor fasciae latae 

Iliac crest 

Iliotibial tract 

Superior gluteal 
nerve 

Assists gluteus 
maximus in 
extending the 
knee joint 

Piriformis 

Anterior surface of 

sacrum 

Upper border of 
greater trochanter 
of femur 

First and second 
sacral nerves 

Lateral rotator of 
thigh at hip joint 

Obturator internus 

Inner surface of 
obturator 
membrane 

Upper border of 
greater trochanter 
of femur 

Sacral plexus 

Lateral rotator of 
thigh at hip joint 

Gemellus superior 

Spine of ischium 

Upper border of 
greater trochanter 
of femur 

Sacral plexus 

Lateral rotator of 
thigh at hip joint 

Gemellus inferior 

Ischial tuberosity 

Upper border of 
greater trochanter 
of femur 

Sacral plexus 

Lateral rotator of 
thigh at hip joint 

Quadratus femoris 

Lateral border of 
ischial tuberosity 

Quadrate tubercle 
of femur 

Sacral plexus 

Lateral rotator of 
thigh at hip joint 


through the lower part of the greater sciatic fora¬ 
men (Figs. 10-16 and 10-17). It is the largest nerve 
in the body and consists of the tibial and common 
peroneal nerves bound together with fascia (Figs. 
10-68 and 10-70). The nerve appears below the pir¬ 
iformis muscle and curves downward and lat¬ 
erally, lying successively on the root of the ischial 
spine, the superior gemellus, the obturator inter- 
nus, the inferior gemellus, and the (Juadratus fe- 
moris, to reach the back of the adductor magnus 
muscle (Fig. 10-16). It is related posteriorly to the 


posterior cutaneous nerve of the thigh and the glu¬ 
teus maximus. It leaves the buttock region by pass¬ 
ing deep to the long head of the biceps femoris, to 
enter the back of the thigh. (See p. 600.) 

Occasionally, the common peroneal nerve leaves 
the sciatic nerve high in the pelvis and appears in 
the gluteal region by passing above or through the 
piriformis muscle. 

The sciatic nerve usually gives no branches in the 
gluteal region. 
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10. The Lower Limb 


POSTERIOR CUTANEOUS NERVE OF 
THE THIGH_ 

The posterior cutaneous nerve of the thigh, a 
branch of the sacral plexus, enters the gluteal re¬ 
gion through the lower part of the greater sciatic 
foramen below the piriformis muscle (Fig. 10-16). 
It passes downward on the posterior surface of the 
sciatic nerve deep to the gluteus maximus. It 
crosses superficial to the biceps femoris and runs 
down the back of the thigh beneath the deep fascia. 
In the popliteal fossa, it pierces the deep fascia and 
supplies the skin. 


Branches 

1. Gluteal branches to the skin over the lower me¬ 
dial quadrant of the buttock (Fig. 10-9); these 
wind around the lower margin of the gluteus 
maximus. 

2. Perineal branch to the skin of the back of the 
scrotum or labium majus. It arises in the gluteal 
region and passes medially across the origin of 
the hamstring muscles. 

3. Cutaneous branches to the back of the thigh and 
the upper part of the leg (Fig. 10-9). 


SUPERIOR GLUTEAL NERVE 

The superior gluteal nerve, a branch of the sacral 
plexus, leaves the pelvis through the upper part of 
the greater sciatic foramen above the piriformis 
(Fig. 10-16). It runs forward between the gluteus 
medius and minimus, supplies both, and ends by 
supplying the tensor fasciae latae. 


INFERIOR GLUTEAL NERVE 

The inferior gluteal nerve, a branch of the sacral 
plexus, leaves the pelvis through the lower part of 
the greater sciatic foramen below the piriformis 
(Figs. 10-16 and 10-17). It lies close to the posterior 
cutaneous nerve of the thigh. It ends by supplying 
the gluteus maximus muscle. 


NERVE TO THE QUADRATUS FEMORIS 

A branch of the sacral plexus, the nerve to the 
quadratus femoris leaves the pelvis through the 
lower part of the greater sciatic foramen (Fig. 10- 


17). It crosses the root of the spine of the ischium 
and runs downward beneath the sciatic nerve, the - 
gemelli, and the tendon of the obturator internus. 

It ends by supplying the quadratus femoris and the t 
inferior gemellus. > 


PUDENDAL NERVE AND THE NERVE TO 
THE OBTURATOR INTERNUS 

- t 

These branches of the sacral plexus leave the pelvis i 
through the lower part of the greater sciatic fora- t 
men, below the piriformis (Figs. 10-16 and 10-17). 
They cross the ischial spine with the internal pu¬ 
dendal artery and immediately reenter the pelvis 
through the lesser sciatic foramen; they then lie in 
the ischiorectal fossa. (See p. 380.) The pudendal 
nerve supplies structures in the perineum. The 
nerve to the obturator internus supplies the obtur¬ 
ator internus muscle on its pelvic surface. 


Arteries of the Gluteal Region 

SUPERIOR GLUTEAL ARTERY 

A branch from the internal iliac artery, the supe¬ 
rior gluteal artery enters the gluteal region through 
the upper part of the greater sciatic foramen above 
the piriformis (Figs. 10-16 and 10-17). It immedi¬ 
ately divides into branches that are distributed 
throughout the gluteal region. 


INFERIOR GLUTEAL ARTERY 

A branch from the internal iliac artery, the inferior 
gluteal artery enters the gluteal region through the 
lower part of the greater sciatic foramen, below the 
piriformis (Figs. 10-16 and 10-17). It immediately 
divides into numerous branches that are distrib¬ 
uted throughout the gluteal region. 


The Trochanteric Anastomosis 

The trochanteric anastomosis provides the main 
blood supply to the head of the femur. The nutrient 
arteries pass along the femoral neck beneath the 
capsule (Fig. 10-30). The following arteries take 
part in the anastomisis: (1) the superior gluteal ar¬ 
tery, (2) the inferior gluteal artery, (3) the medial 
femoral circumflex artery, and (4) the lateral fem¬ 
oral circumflex artery. 
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The Cruciate Anastomosis 

The cruciate anastomosis is situated at the level of 
the lesser trochanter of the femur and, together 
with the trochanteric anastomosis, provides a con¬ 
nection between the internal iliac and the femoral 
arteries. The following arteries take part in the an¬ 
astomosis: (1) the inferior gluteal artery, (2) the 
medial femoral circumflex artery, (3) the lateral 
femoral circumflex artery, and (4) the first perfo¬ 
rating artery, a branch of the profunda artery. 


THE FRONT AND MEDIAL 
ASPECTS OF THE THIGH_ 

Skin of the Thigh 

CUTANEOUS NERVES 

The lateral cutaneous nerve of the thigh, a branch 
of the lumbar plexus (L2 and 3), enters the thigh 
behind the lateral end of the inguinal ligament 
(Fig. 10-8). Having divided into anterior and pos¬ 
terior branches, it supplies the skin of the lateral 
aspect of the thigh and knee. It also supplies the 
skin of the lower lateral quadrant of the buttock 
(Fig. 10-9). 

The femoral branch of the genitofemoral nerve, a 
branch of the lumbar plexus (LI and 2), enters the 
thigh behind the middle of the inguinal ligament 
and supplies a small area of skin (Fig. 10-8). The 
genital branch supplies the cremaster muscle. (See 
p. 262.) 

The ilioinguinal nerve, a branch of the lumbar 
plexus (LI), enters the thigh through the superfi¬ 
cial inguinal ring (Fig. 10-8). It is distributed to the 
skin of the root of the penis and adjacent part of 
the scrotum (or root of the clitoris and adjacent 
part of the labium majus in the female) and to a 
small skin area below the medial part of the in¬ 
guinal ligament. 

The medial cutaneous nerve of the thigh, a 
branch of the femoral nerve, supplies the medial 
aspect of the thigh and joins the patellar plexus 
(Fig. 10-8). 

The intermediate cutaneous nerve of the thigh, a 
branch of the femoral nerve, divides into two 
branches that supply the anterior aspect of the 
thigh and joins the patellar plexus (Fig. 10-8). 

The obturator nerve. Branches from the anterior 


division of the obturator nerve supply a variable 
area of skin on the medial aspect of the thigh (Fig. 
10 - 8 ). 

The patellar plexus lies in front of the knee and 
is formed from the terminal branches of the lat¬ 
eral, intermediate, and medial cutaneous nerves of 
the thigh and the infrapatellar branch of the sa¬ 
phenous nerve (Fig. 10-8). 


SUPERFICIAL VEINS 

The superficial veins of the leg are the great and 
small saphenous veins and their tributaries (Fig. 
10-18). They are of great clinical importance. 

The great saphenous vein drains the medial end 
of the dorsal venous arch of the foot and passes 
upward directly in fi'ont of the medial malleolus 
(Fig. 10-18). It then ascends in company with the 
saphenous nerve in the superficial fascia over the 
medial side of the leg. The vein passes behind the 
knee and curves forward around the medial side of 
the thigh. It passes through the lower part of the 
saphenous opening in the deep fascia and joins the 
femoral vein about IV 2 inches (4 cm) below and 
lateral to the pubic tubercle (Figs. 10-18 and 10- 
19). 

The great saphenous vein possesses numerous 
valves; it is connected to the small saphenous vein 
by one or two branches that pass behind the knee. 
A number of perforating veins connect the great sa¬ 
phenous vein with the deep veins along the medial 
side of the calf (Fig. 10-18). 

At the saphenous opening in the deep fascia, the 
great saphenous vein usually receives three tribu¬ 
taries that are variable in size and arrangement 
(Figs. 10-18 and 10-19): (1) the superficial circum¬ 
flex iliac vein, (2) the superficial epigastric vein, and 
(3) the superficial external pudendal vein. These 
veins correspond with the three branches of the 
femoral artery found in this region. 

An additional vein, known as the accessory vein, 
usually joins the main vein about the middle of the 
thigh or higher up at the saphenous opening. 

The small saphenous vein is described on page 
627. 


SUPERFICIAL INGUINAL LYMPH NODES 

The superficial inguinal lymph nodes lie in the su¬ 
perficial fascia below the inguinal ligament, and 
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Fig. 10-18. Superficial veins of right lower limb. 
Note importance of valved perforating veins in the 
“venous pump.” 
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Fig. 10-19. Superficial veins, arteries, and lymph 
nodes over right femoral triangle. Note saphenous 
opening in deep fascia and its relationship to femo¬ 
ral sheath. Note also line of attachment of membra¬ 
nous layer of superficial fascia to deep facia, about 
a fingerbreadth below inguinal ligament. 
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10. The Lower Limb 


for purposes of description, may be divided into a 
horizontal and a vertical group (Figs. 10-19 and 10- 
28). 

The horizontal group lies just below and parallel 
to the inguinal ligament (Figs. 10-19 and 10-28). 
The medial members of the group receive superfi¬ 
cial lymph vessels from the anterior abdominal 
wall below the level of the umbilicus, and from the 
perineum (Fig. 10-28). It is important to remember 
that the lymph vessels from the urethra, the exter¬ 
nal genitalia of both sexes (but not the testes), and 
the lower half of the anal canal are drained by this 
route. The lateral members of the group receive su¬ 
perficial lymph vessels from the back below the 
level of the iliac crests (Fig. 10-28). 

The vertical group lies along the terminal part of 
the great saphenous vein and receives the majority 
of the superficial lymph vessels of the lower limb 
(Figs. 10-19 and 10-28). 

The efferent lymph vessels from the superficial 
inguinal nodes pass through the saphenous open¬ 
ing in the deep fascia and join the deep inguinal 
nodes that lie along the medial side of the femoral 
vein (Fig. 10-22). The deep inguinal nodes are de¬ 
scribed on page 590; the efferent vessels from these 
nodes pass through the femoral canal to lymph 
nodes along the external iliac artery. 


Superficial Fascia of the Thigh 

The membranous layer of the superficial fascia of 
the anterior abdominal wall extends into the thigh 
and is attached to the deep fascia (fascia lata) 
about a fingerbreadth below the inguinal ligament 
(Figs. 10-19 and 10-22). The importance of this fact 
in connection with extravasation of urine is fully 
described in Chapter 4. 

The fatty layer of the superficial fascia on the an¬ 
terior abdominal wall extends into the thigh and 
continues down over the lower limb without inter¬ 
ruption (Fig. 10-22). 


Deep Fascia of the Thigh 
(Fascia Lata) 

The deep fascia encloses the thigh like a trouser leg 
(Fig. 10-20), and at its upper end is attached to the 
pelvis and its associated ligaments. On its lateral 
aspect, it is thickened to form the iliotibial tract 
(Figs. 10-20 and 10-21), which is attached above to 


the iliac tubercle, and below to the lateral condyle 
of the tibia. The iliotibial tract receives the inser¬ 
tion of the tensor fasciae latae and the greater part 
of the gluteus maximus muscle. (See pp. 569 and 
572.) In the gluteal region, the deep fascia forms 
sheaths, which enclose the tensor fasciae latae and 
the gluteus maximus muscles. 

The saphenous opening is a gap in the deep fas¬ 
cia in the front of the thigh, which transmits the 
great saphenous vein, some small branches of the 
femoral artery, and lymph vessels (Fig. 10-19). It is 
situated about IV 2 inches (4 cm) below and lateral 
to the pubic tubercle. The falciform margin is the 
lower lateral border of the opening, which lies an¬ 
terior to the femoral vessels (Fig. 10-19). The me¬ 
dial border of the opening curves around behind 
the femoral vessels. It is thus seen that the deep 
fascia is attached to the whole length of the in¬ 
guinal ligament above, and the falciform margin 
of the saphenous opening sweeps downward and 
laterally from the pubic tubercle. The border of the 
opening then curves upward and medially, and 
then laterally behind the femoral vessels, to be at¬ 
tached to the pectineal line of the superior ramus 
of the pubis. 

The saphenous opening is filled with loose con¬ 
nective tissue called the cribriform fascia. 


Fascial Compartments of 
the Thigh 

Three fascial septa pass from the inner aspect of 
the deep fascial sheath of the thigh to the linea as- 
pera of the femur (Fig. 10-20). By this means, the 
thigh is divided into three compartments, each 
having muscles, nerves, and arteries. The compart¬ 
ments are anterior, medial, and posterior in posi¬ 
tion. 


Contents of the Anterior Fascial 
Compartment of the Thigh 

Muscles 

Sartorius, iliacus, psoas, pectineus, and quadriceps 
femoris. 


Blood Supply 

Femoral artery. 
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Fig. 10-20. Transverse section through middle of 
right thigh as seen from above. 


Nerve Supply 
Femoral nerve. 


Muscles of the Anterior Fascial 
Compartment of the Thigh 

SARTORIUS (FIG. 10-21)_ 

The sartorius is a narrow strap-shaped muscle that 
covers the femoral artery in the middle one-third 
of the thigh. 


Origin 

From the anterior superior iliac spine. 


Insertion 

The muscle fibers run downward and medially and 
are attached to the upper part of the medial sur¬ 
face of the shaft of the tibia. 


Nerve Supply 
Femoral nerve. 



























582 


10. The Lower Limb 


anterior superior iliac spine 

lateral cutaneous nerve of thigh 
sartorius 
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intermediate cutaneous nerve 
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nerve to vastus medial is 
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vastus lateralis 
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shaft of femur 
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10-21. Femora] triangle and adductor (subsar- 
torial) canal in right lower limb. 
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Action 

Flexes, abducts, and laterally rotates the thigh at 
the hip joint. It flexes and medially rotates the leg 
at the knee joint. 

ILIACUS (FIGS. 10-21, 10-22, AND 10-23) 
Origin 

This fan-shaped muscle arises from the iliac fossa 
within the abdomen. (See p. 178.) 


Insertion 

The fibers converge and join the tendon of the 
psoas to form the iliopsoas muscle (see below). 


Nerve Supply 

A branch of the femoral nerve within the abdo¬ 
men. 


Action 

The iliopsoas flexes the thigh on the trunk at the 
hip joint ; or if the thigh is fixed, it flexes the trunk 
on the thigh; it also medially rotates the thigh. 

PSOAS (FIGS. 10-21, 10-22, AND 10-23) 

The psoas is a long fusiform muscle that arises 
within the abdomen and descends into the thigh. 

Origin 

From the roots of the transverse processes, the sides 
of the vertebral bodies, and the intervertebral 
discs, from the twelfth thoracic to the fifth lumbar 
vertebrae. 


Insertion 

The fibers run downward and laterally and leave 
the abdomen to enter the thigh by passing behind 
the inguinal ligament. The iliopsoas tendon is at¬ 
tached to the lesser trochanter of the femur. A 
bursa intervenes between the tendon and the hip 
joint and may communicate with the joint. 


Nerve Supply 

Branches from the lumbar plexus. 


Action 

The iliopsoas flexes the thigh on the trunk at the 
hip joint; or if the thigh is fixed, it flexes the trunk 
on the thigh; it also medially rotates the thigh.* 
The fascial sheath enclosing the muscle is de¬ 
scribed on pages 177 and 197. 

PECTINEUS (FIGS. 10-21 AND 10-22) 

Origin 

From the superior ramus of the pubis. 


Insertion 

The muscle fibers pass downward, backward, and 
laterally and are attached to the upper end of the 
linea aspera just below the lesser trochanter. 


Nerve Supply 

Femoral nerve. (Occasionally, it receives a branch 
from the obturator nerve.) 


Action 

Flexes and adducts the thigh at the hip joint. 

The quadriceps femoris muscle consists of four 
parts: the rectus femoris, vastus lateralis, vastus 
medialis, and vastus intermedius, which have a 
common tendon of insertion into the upper lateral 
and medial borders of the patella and then, via the 
ligamentum patellae, into the tubercle of the tibia. 


RECTUS FEMORIS (FIG. 10-21) 

Origin 

A straight head from the anterior inferior iliac 
spine and a reflected head from the ilium above the 
acetabulum. 


^Electromyographic studies do not support this latter action. 
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Fig. 10-22. Right femoral sheath and its contents. 
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femoral nerve 



Fig. 10-23. Relationship between obturator nerve 
and adductor muscles in right lower limb. 
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Insertion 

The two heads unite in front of the hip joint, and 
the bipennate muscle is inserted into the quadri¬ 
ceps tendon and so into the patella. 


Nerve Supply 

Femoral nerve. 


Action 

See Action of Quadriceps Femoris Muscle. 


VASTUS LATERALIS (FIG. 10-21) 

Origin 

From the intertrochanteric line, the base of the 
great trochanter, and the lateral lip of the linea as- 
pera of the femur and the lateral deep fascial sep¬ 
tum. 


Insertion 

The fibers pass downward and forward to be in¬ 
serted into the quadriceps tendon and so into the 
patella. Some of the tendinous fibers join the cap¬ 
sule of the knee joint and strengthen it. 


Nerve Supply 
Femoral nerve. 


Action 

See Action of Quadriceps Femoris Muscle. 


VASTUS MEDIALIS (FIG. 10-21)_ 

Origin 

From the intertrochanteric line and the medial lip 
of the linea aspera of the femur and the medial 
deep fascial septum. 


Insertion 

The fibers pass downward and forward, to be in¬ 
serted into the quadriceps tendon and so into the 
patella. Some of the tendinous fibers join the cap¬ 


sule of the knee joint and strengthen it. The lowest 
muscle fibers are almost horizontal in direction 
and prevent the patella from being pulled laterally 
during contraction of the quadriceps muscle. 


Nerve Supply 

Femoral nerve. 


Action 

See Action of Quadriceps Femoris Muscle. 


VASTUS INTERMEDIUS (FIG. 10-21) 

Origin 

From the anterior and lateral surfaces of the shaft 
of the femur. 


Insertion 

The fibers pass downward and join the deep aspect 
of the quadriceps tendon. 


Nerve Supply 

Femoral nerve. 

The articularis genus is a small part of the vastus 
intermedius that is inserted into the upper part of 
the synovial membrane of the knee joint. It serves 
to retract the synovial membrane superiorly during 
extension of the knee joint. 


Action of Quadriceps Femoris Muscle 

The quadriceps femoris is a powerful extensor of 
the kneejoint; the patella is a sesamoid bone in the 
tendon of insertion. The rectus femoris also flexes 
the hip joint. The tone of the quadriceps muscle 
plays an important role in strengthening the knee 
joint. The lower fibers of the vastus medialis sta¬ 
bilize the patella. 


Muscles of the Anterior Fascial 
Compartment of the Thigh—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-2. 
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Table 10-2, Muscles of the Lower Limb—Muscles of the Anterior Fascial Compartment of the Thigh 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Sartorius 

Anterior superior 
iliac spine 

Upper medial 
surface shaft of 
tibia 

Femoral nerve 

Flexes, abducts, 
laterally rotates 
thigh at hip joint; 
flexes and 
medially rotates 
leg at knee joint 

Iliacus 

Iliac fossa within 
abdomen 

With psoas into 
lesser trochanter 
of femur 

Femoral nerve 

Flexes thigh on 
trunk; if thigh is 
fixed, it flexes the 
trunk on the 
thigh as in sitting 
up from lying 
down 

Psoas 

Transverse 

processes, bodies, 
and intervertebral 
discs of the 
twelfth thoracic 
and five lumbar 
vertebrae 

With iliacus into 
lesser trochanter 
of femur 

Lumbar plexus 

Flexes thigh on 
trunk; if thigh is 
fixed, it flexes the 
trunk on thigh as 
in sitting up from 
lying down 

Pectincus 

Superior ramus of 
pubis 

Upper end of linea 
aspera of'shaft of 
femur 

Femoral nerve 

Flexes and adducts 
thigh at hip joint 

Quadriceps femoris 

Rectus femoris 

Straight head; 
anterior inferior 
iliac spine; 
reflected head; 
ilium above 
acetabulum 

Quadriceps tendon 
into patella then 
via ligamentum 
patellae into 
tubercle of tibia 

Femoral nerve 

Extension of leg at 
knee joint; flexes 
thigh at hip joint 

Vastus lateralis 

Upper end and shaft 
of femur; lateral 
deep fascial 
septum 

Quadriceps tendon 
into patella then 
via ligamentum 
patellae into 
tubercle of tibia 

Femoral nerve 

Extension of leg at 
knee joint 

Vastus medialis 

Upper end and shaft 
of femur; medial 
deep fascial 
septum 

Quadriceps tendon 
into patella then 
via ligamentum 
patellae into 
tubercle of tibia 

Femoral nerve 

Extension of leg at 
knee joint; 
stabilizes patella 

Vastus 

intermedius 

Anterior and lateral 
surfaces of shaft 
of femur 

Quadriceps tendon 
into patella then 
via ligamentum 
patellae into 
tubercle of tibia 

Femoral nerve 

Extension of leg at 
knee joint ; 
articularis genus 
retracts synovial 
membrane 
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FEMORAL SHEATH 

The femoral sheath (Figs. 10-19, 10-21, 10-22, and 
10-23) is a downward protrusion into the thigh of 
the fascial envelope lining the abdominal walls. 
(See p. 179.) Its anterior wall is continuous above 
with the fascia transversalis, and its posterior wall 
with the fascia iliaca. The sheath surrounds the 
femoral vessels and lymphatics for about 1 inch 
(2.5 cm) below the inguinal ligament. The femoral 
artery , as it enters the thigh beneath the inguinal 
ligament, occupies the lateral compartment of the 
sheath. The femoral vein , which lies on its medial 
side and is separated from it by a fibrous septum, 
occupies the intermediate compartment . The lym¬ 
phatics , which are separated from the vein by a fi¬ 
brous septum, occupy the most medial compart¬ 
ment (Fig. 10-22). 

The femoral canal is the term used to name the 
small medial compartment for the lymphatics 
(Fig. 10-22). It is about Vz inch (1.3 cm) long, and 
its upper opening is referred to as the femoral ring. 
The femoral septum, which is a condensation of ex- 
traperitoneal tissue, closes the ring. The femoral 
canal contains: (1) fatty connective tissue, (2) all 
the efferent lymph vessels from the deep inguinal 
lymph nodes, and (3) one of the deep inguinal 
lymph nodes. 

The femoral sheath is adherent to the walls of 
the blood vessels and inferiorly blends with the 
tunica adventitia of these vessels. The part of the 
femoral sheath that forms the medially located 
femoral canal is not adherent to the walls of the 
small lymphatic vessels; it is this site that forms a 
potentially weak area in the abdomen. It is not dif¬ 
ficult to imagine how a protrusion of peritoneum 
could be forced down the femoral canal, pushing 
the femoral septum before it. Such a condition is 
known as a femoral hernia and is described in de¬ 
tail on page 189. 

The upper end of the canal, or femoral ring (Fig. 
10-22), has the following important relations: an¬ 
teriorly, the inguinal ligament; posteriorly, the su¬ 
perior ramus of the pubis; medially, the lacunar 
ligament; and laterally, the femoral vein. 

The lower end of the canal is normally closed by 
the adherence of its medial wall to the tunica ad¬ 
ventitia of the femoral vein. It lies close to the sa¬ 
phenous opening in the deep fascia of the thigh 
(Fig. 10-19). 


FEMORAL ARTERY 

The femoral artery enters the thigh by passing be¬ 
hind the inguinal ligament, as a continuation of the 
external iliac artery (Figs. 10-21 and 10-24). Here, 
it lies midway between the anterior superior iliac 
spine and the symphysis pubis. The femoral artery 
is the main arterial supply to the lower limb. It 
descends almost vertically toward the adductor tu¬ 
bercle of the femur and ends at the opening in the 
adductor magnus muscle by entering the popliteal 
space as the popliteal artery (Fig. 10-23). 


Relations 

Anteriorly 

In the upper part of its course, it is superficial and 
is covered by skin and fascia. In the lower part of 
its course, it passes behind the sartorius muscle 
(Fig. 10-21). It is related to the anterior wall of the 
femoral sheath above and is crossed by the medial 
cutaneous nerve of the thigh and the saphenous 
nerve below. 


Posteriorly 

The artery lies on the psoas, which separates it 
from the hip joint , the pectineus, and the adductor 
longus (Fig. 10-21). The femoral vein intervenes be¬ 
tween the artery and the adductor longus. 


Medially 

It is related to the femoral vein in the upper part 
of its course (Fig. 10-21). 


Laterally 

The femoral nerve and its branches (Fig. 10-21). 


Branches 

1. The superficial circumflex iliac artery is a small 
branch that passes through the saphenous open¬ 
ing and runs up to the region of the anterior su¬ 
perior iliac spine (Fig. 10-19). 

2. The superficial epigastric artery is a small 
branch that passes through the saphenous open¬ 
ing, crosses the inguinal ligament, and runs to 
the region of the umbilicus (Fig. 10-19). 
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Fig. 10-24. Major arteries of the lower limb. 
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3. The superficial external pudendal artery (Fig. 
10-19) is a small branch that passes through the 
saphenous opening and runs medially, to supply 
the skin of the scrotum (or labium majus). 

4. The deep external pudendal artery (Fig. 10-21) 
runs medially in front of or behind the femoral 
vein and supplies the skin of the scrotum (or la¬ 
bium majus). 

5. The profunda femoris artery is a large and im¬ 
portant branch that arises from the lateral side 
of the femoral artery about 1 Vz inches (4 cm) 
below the inguinal ligament (Figs. 10-21 and 10- 
24). It passes medially behind the femoral ves¬ 
sels and enters the medial fascial compartment 
of the thigh by running behind the adductor lon- 
gus (Figs. 10-23 and 10-25). It ends by becoming 
the fourth perforating artery. At its origin, it 
gives off the medial and lateral femoral circum¬ 
flex arteries, and during its course it gives off 

three perforating arteries (Fig. 10-25). 

6. The descending genicular artery is a small 
branch that arises from the femoral artery near 
its termination (Fig. 10-23). It assists in supply¬ 
ing the knee joint. 


FEMORAL VEIN 

The femoral vein enters the thigh by passing 
through the opening in the adductor magnus as a 
continuation of the popliteal vein (Fig. 10-23). It 
ascends through the thigh, lying at first on the lat¬ 
eral side of the artery, then posterior to it, and fi¬ 
nally on its medial side (Fig. 10-21). It leaves the 
thigh in the intermediate compartment of the fem¬ 
oral sheath and passes behind the inguinal liga¬ 
ment to become the external iliac vein. 


Tributaries 

The tributaries of the femoral vein are the great 
saphenous vein and veins that correspond to the 
branches of the femoral artery (Fig. 10-19). The su¬ 
perficial circumflex iliac vein, the superficial epi¬ 
gastric vein, and the external pudendal veins drain 
into the great saphenous vein. 


DEEP INGUINAL LYMPH NODES 

The deep inguinal lymph nodes are variable in 
number, but there are commonly three. They lie 


along the medial side of the terminal part of the 
femoral vein, and the most superior is usually lo¬ 
cated in the femoral canal (Fig. 10-22). They re¬ 
ceive all the lymph from the superficial inguinal 
nodes via lymph vessels that pass through the crib¬ 
riform fascia of the saphenous opening. They also 
receive lymph from the deep structures of the 
lower limb that have ascended in lymph vessels 
alongside the arteries, some having passed through 
the popliteal nodes. The efferent lymph vessels 
from the deep inguinal nodes ascend into the ab¬ 
dominal cavity through the femoral canal and 
drain into the external iliac nodes. 


FEMORAL NERVE 

The femoral nerve is the largest branch of the lum¬ 
bar plexus (L2, 3, and 4). It emerges from the lat¬ 
eral border of the psoas muscle within the abdo¬ 
men (see p. 262), and passes downward in the 
interval between the psoas and iliacus. It lies be¬ 
hind the fascia iliaca and enters the thigh lateral to 
the femoral arteiy and the femoral sheath, behind 
the inguinal ligament (Figs. 10-21 and 10-22). 
About 1 Vz inches (4 cm) below the inguinal liga¬ 
ment, it terminates by dividing into anterior and 
posterior divisions. The femoral nerve supplies all 
the muscles of the anterior compartment of the 
thigh (Fig. 10-21). 


Branches (Fig. 10-67) 

Anterior Division 

This gives off two cutaneous and two muscular 
branches. The cutaneous branches are: (1) the me¬ 
dial cutaneous nerve of the thigh and (2) the inter- 
mediate cutaneous nerves that supply the skin of 
the medial and anterior surfaces of the thigh, re¬ 
spectively (Figs. 10-8 and 10-21). The muscular 
branches supply (1) the sartorius and (2) the pec- 
tineus. 


Posterior Division 

This gives off one cutaneous branch, the saphenous 
nerve, and muscular branches to the quadriceps 
muscle. 

The saphenous nerve runs downward and me¬ 
dially and crosses the femoral arteiy from its lat¬ 
eral to its medial side (Fig. 10-21). It pierces the 
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Fig. 10-25. (A) Obturator extemus muscle and (B) 
vertical section of medial compartment of thigh. 
Note courses taken by obturator nerve and its divi¬ 
sions, and profunda femoris artery and its 
branches. Note also anastomosis between perforat¬ 
ing arteries and medial femoral circumflex artery. 






























592 


10. The Lower Limb 


deep fascia on the medial side of the knee, after 
emerging between the tendons of sartorius and 
gracilis (Fig. 10-8). It then runs down the medial 
side of the leg in company with the great saphen¬ 
ous vein. It passes in front of the medial malleolus 
and along the medial border of the foot, where it 
terminates in the region of the ball of the big toe. 

The muscular branch of the rectus femoris also 
supplies the hip joint; the branches to the three 
vasti muscles also supply the knee joint. 


FEMORAL TRIANGLE 

The femoral triangle is a triangular depressed area 
situated in the upper part of the medial aspect of 
the thigh just below the inguinal ligament (Fig. 10- 
21). It is bounded superiorly by the inguinal liga¬ 
ment, laterally by the sartorius, and medially by 
the medial border of the adductor longus muscle. 
Its floor is gutter-shaped and formed from lateral 
to medial by the iliopsoas, the pectineus, and the 
adductor longus. Its roof is formed by the skin and 
fasciae of the thigh. 

The femoral triangle is an important area, since 
it contains the terminal part of the femoral nerve 
and its branches, the femoral sheath, the femoral 
artery and its branches, the femoral vein and its 
tributaries, and the deep inguinal lymph nodes. 


ADDUCTOR (OR SUBSARTORIAL) CANAL 

The adductor canal is an intermuscular cleft situ¬ 
ated on the medial aspect of the middle third of 
the thigh (Figs. 10-20 and 10-21). It commences 
above at the apex of the femoral triangle and ends 
below at the opening in the adductor magnus. In 
cross section it is triangular in shape, having an 
anteromedial wall, a posterior wall, and a lateral 
wall. 

The anteromedial wall is formed by a fibrous sheet 
deep to the sartorius. 

The posterior wall is formed by the adductor lon¬ 
gus and magnus. 

The lateral wall is formed by the vastus medialis. 

The adductor canal contains the terminal part of 
the femoral artery, the femoral vein, the deep 
lymph vessels, the saphenous nerve, the nerve to 
the vastus medialis, and the terminal part of the 
obturator nerve. 


Contents of the Medial Fascial 
Compartment of the Thigh 

Muscles 

Gracilis, adductor longus, adductor brevis, adduc¬ 
tor magnus, and obturator externus. 


Blood Supply 

Profunda femoris artery and obturator artery. 


Nerve Supply 

Obturator nerve. 


Muscles of the Medial Fascial 
Compartment of the Thigh 

GRACILIS (FIG. 10-21) 

The gracilis muscle is long and straplike and lies 
on the medial side of the thigh and the knee. 


Origin 

_O___ 

From the outer surface of the inferior ramus of the 
pubis and the ramus of the ischium. 


Insertion 

The fibers pass downward along the medial side of 
the thigh, and the tendon is attached to the upper 
part of the medial surface of the shaft of the tibia. 


Nerve Supply 

Obturator nerve. 


Action 

The muscle adducts the thigh at the hip joint and 
flexes the leg at the knee joint. 


ADDUCTOR LONGUS (FIGS. 10-21 
AND 10-23) 

The adductor longus muscle is triangular in shape 
and is the most anterior of the three adductor mus¬ 
cles. 
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Origin 

Origin 

From the front of the body of the pubis below and 
medial to the pubic tubercle. 

From the outer surface of the inferior ramus of the 
pubis; from the ramus of the ischium and the is¬ 
chial tuberosity. 

Insertion 

The muscle fibers diverge as they pass downward 
and laterally and are attached to the medial lip of 
the linea aspera. 

Insertion 

Adductor portion. The muscle fibers diverge as they 
pass downward and laterally to be attached to the 
posterior surface of the femur from the quadrate 
tubercle above, along the linea aspera to the medial 
supracondylar ridge below. Hamstring portion. The 
fibers that arise from the ischial tuberosity are in¬ 
serted below on the adductor tubercle on the me¬ 
dial condyle of the femur. 

Nerve Supply 

Obturator nerve. 

Action 

Adducts the thigh at the hip joint and assists in 
lateral rotation. 

There is a gap (adductor hiatus ) in the attach¬ 
ment of this muscle to the medial supracondylar 
ridge, which permits the femoral vessels to pass 
from the adductor canal downward into the pop¬ 
liteal space. 

ADDUCTOR BREVIS (TIGS. 10-23 

AND 10-25) 

The adductor brevis lies posterior to the pectineus 
and the adductor longus. 

Nerve Supply 

The adductor portion is supplied by the obturator 
nerve; the hamstring portion is supplied by the 
sciatic nerve. 

Origin 

From the outer surface of the inferior ramus of the 
pubis. 

Action 

Insertion 

The adductor portion adducts the thigh at the hip 
joint and also assists in lateral rotation. The 

The muscle fibers diverge as they pass downward 
and laterally and are attached to the linea aspera. 

hamstring portion extends the thigh at the hip 
joint. 

Nerve Supply 

OBTURATOR EXTERNUS (FIG. 10-25) 

Obturator nerve. 

The obturator externus is a deeply placed triangu¬ 
lar-shaped muscle. 

Action 

Origin 

From the outer surface of the obturator membrane 
and the adjacent margin of the pubic and ischial 

Adducts the thigh at the hip joint and assists in 
lateral rotation. 

ADDUCTOR MAGNUS (FIGS. 10-23, 10-25, 
AND 10-27) 

rami. 

Insertion 

The muscle fibers converge as they pass laterally at 
first below and then behind the hip joint, to be in- 

The adductor magnus is a very large triangular¬ 
shaped muscle consisting of adductor and ham¬ 
string portions. 
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Fig. 10-26. Structures present on posterior aspect of 
right thigh. 
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Fig. 10-27. Deep structures present on posterior as¬ 
pect of right thigh. 
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serted onto the medial surface of the greater tro¬ 
chanter. 


Nerve Supply 

Obturator nerve. 

L 

Action 

Laterally rotates the thigh at the hip joint. 


Muscles of the Medial Fascial 
Compartment of the Thigh—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-3. 


PROFUNDA FEMORIS ARTERY 

The profunda femoris is a large artery, which 
arises from the lateral side of the femoral artery in 
the femoral triangle, about IV 2 inches (4 cm) be¬ 
low the inguinal ligament (Figs. 10-21 and 10-24). 
It leaves the anterior fascial compartment by pass¬ 
ing down behind the adductor longus muscle (Fig. 
10-23). It descends in the interval between the ad¬ 
ductor longus and adductor brevis and then lies on 
the adductor magnus, where it ends as the fourth 
perforating artery (Fig. 10-25). 


Branches 

1. Medial femoral circumflex artery. This passes 
backward between the muscles that form the 
floor of the femoral triangle and gives off mus¬ 
cular branches in the medial fascial compart¬ 
ment of the thigh (Fig. 10-25). It takes part in 
the formation of the cruciate anastomosis. 

2. Lateral femoral circumflex artery. This passes 
laterally between the terminal branches of the 
femoral nerve (Fig. 10-21). It breaks up into 
branches that supply the muscles of the region 
and takes part in the formation of the cruciate 
anastomosis. 

3. Four peiforating arteries. Three of these arise as 
branches of the profunda femoris arteiy; the 
fourth performing arteiy is the terminal part of 


the profunda arteiy (Fig. 10-25). The perforating 5 
arteries run backward and laterally, piercing the ' 
various muscle layers as they go. They supply the 
muscles and terminate by anastomosing with 
one another and with the inferior gluteal artery 
and the circumflex femoral arteries above and 
the muscular branches of the popliteal artery be- t 
low. 


PROFUNDA FEMORIS VEIN 

The profunda femoris vein receives tributaries that 
correspond to the branches of the artery. It drains 
into the femoral vein. 


OBTURATOR ARTERY 

The obturator arteiy is a branch of the internal il¬ 
iac artery. (See p. 320.) It passes downward and 
forward on the lateral wall of the pelvis and ac¬ 
companies the obturator nerve through the obtu- ■ 
rator canal (i.e., the upper part of the obturator 
foramen) (Fig. 10-25). On entering the medial fas¬ 
cial compartment of the thigh, it divides into me¬ 
dial and lateral branches, which pass around the 
margin of the outer surface of the obturator mem¬ 
brane. It gives off muscular branches and an artic¬ 
ular branch to the hip joint. 


OBTURATOR VEIN 

The obturator vein receives tributaries that corre¬ 
spond to the branches of the arteiy. It drains into 
the internal iliac vein. 


OBTURATOR NERVE 

The obturator nerve arises from the lumbar plexus 
(L2, 3, and 4) and emerges on the medial border 
of the psoas muscle within the abdomen. (See p. 
262.) It runs downward and forward on the lateral 
wall of the pelvis to reach the upper part of the 
obturator foramen (Fig. 6-13), where it divides into 
anterior and posterior divisions (Fig. 10-25). 
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I able 10-3. Muscles of the Lower Limb—Muscles of the Medial Fascial Compartment of the Thigh 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Gracilis 

Inferior ramus of 
pubis; ramus of 
ischium 

Upper part of shaft 
of tibia on medial 
surface 

Obturator nerve 

Adducts thigh at 
hip joint; flexes 
leg at knee joint 

Adductor longus 

Body of pubis, 
medial to pubic 
tubercle 

Posterior surface of 
shaft of femur 
(medial lip linea 
aspera) 

Obturator nerve 

Adducts thigh at 
hip joint and 
assists in lateral 
rotation 

Adductor brevis 

Inferior ramus of 
pubis 

Posterior surface of 
shaft of femur 
(linea aspera) 

Obturator nerve 

Adducts thigh at 
hip joint and 
assists in lateral 
rotation 

Adductor magnus 

Inferior ramus of 
pubis, ramus of 
ischium, ischial 
tuberosity 

Posterior surface of 
shaft of femur; 
adductor tubercle 
of femur 

Adductor portion: 
obturator nerve; 
hamstring 
portion: sciatic 
nerve 

Adducts thigh at 
hip joint and 
assists in lateral 
rotation; 
hamstring 
portion extends 
thigh at hip joint 

Obturator externus 

Outer surface of 
obturator 
membrane and 
pubic and ischial 
rami 

Medial surface 
greater trochanter 

Obturator nerve 

Laterally rotates 
thigh at hip joint 




Branches (Fig. 10-71) 

THE BACK OF THE THIGH 


1. The anterior division passes downward in front 
of the obturator externus and the adductor 
brevis and behind the pectineus and adductor 
longus (Fig. 10-25). It gives muscular branches 
to the gracilis, adductor brevis, and adductor 
longus, and occasionally to the pectineus. It gives 
articular branches to the hip joint and termi¬ 
nates as a small nerve that supplies the femoral 
artery. It contributes a variable branch to the 
subsartorial plexus and supplies the skin on the 
medial side of the thigh. 

2 . The posterior division pierces the obturator ex¬ 
ternus and passes downward behind the adduc¬ 
tor brevis and in front of the adductor magnus 
(Fig. 10-25). It terminates by descending 
through the opening in the adductor magnus to 
supply the knee joint. It gives muscular branches 
to the obturator externus, to the adductor part 
of the adductor magnus, and occasionally to the 
adductor brevis. 


Skin 


CUTANEOUS NERVES 


The posterior cutaneous nerve of the thigh, a branch 
of the sacral plexus, leaves the gluteal region by 
emerging from beneath the lower border of the 
gluteus maximus muscle (Fig. 10-9). It descends on 
the back of the thigh beneath the deep fascia and 
crosses superficial to the biceps femoris. In the 
popliteal fossa it pierces the deep fascia and sup¬ 
plies the skin. It gives off numerous cutaneous 
branches to the skin on the back of the thigh and 
the upper part of the leg (Fig. 10-9). 


SUPERFICIAL VEINS 


Many small veins curve around the medial and lat¬ 
eral aspects of the thigh and ultimately drain into 
the great saphenous vein (Fig. 10-18). Superficial 
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10. The Lower Limb 


veins from the lower part of the back of the thigh 
join the small saphenous vein in the popliteal fossa. 


LYMPH VESSELS 

Lymph from the skin and superficial fascia on the 
back of the thigh drains upward and forward into 
the vertical group of superficial inguinal lymph 
nodes (Fig. 10-28). 


Contents of the Posterior Fascial 
Compartment of the Thigh 

Muscles 

Biceps femoris, semitendinosus, semimembrano¬ 
sus, and a small part of the adductor magnus 
(hamstring muscles). 


Blood Supply 

Branches of the profunda femoris artery. 


Nerve Supply 
Sciatic nerve. 


Muscles of the Posterior Fascial 
Compartment of the Thigh 

BICEPS FEMORIS (FIGS. 10-26 
AND 10-27) 

Origin 

The long head.from the ischial tuberosity in com¬ 
mon with the tendon of origin of the semitendino¬ 
sus muscle. The short head from the linea aspera, 
the lateral supracondylar ridge, and the lateral in¬ 
termuscular septum. 


Insertion 

The two heads unite just above the knee joint, and 
the common tendon is inserted into the head of the 
fibula. 


Nerve Supply 

The long head is supplied by the tibial part of the 
sciatic; the short head is supplied by the common 
peroneal part of the sciatic. 


Action 

Flexes and laterally rotates the leg at the knee joint; 
the long head also extends the thigh at the hip joint. 


SEMITENDINOSUS (FIG. 10-26) 

Origin 

From the ischial tuberosity in common with the 
long head of the biceps. 


Insertion 

Bv a long tendon into the upper part of the medial 
surface of the shaft of the tibia. 


Nerve Supply 

The tibial portion of the sciatic. 


Action 

Flexes and medially rotates the leg at the knee joint; 
it also extends the thigh at the hip joint. 


SEMIMEMBRANOSUS (FIGS. 10-26 
AND 10-27) 

Origin 

From the ischial tuberosity. 


Insertion 

Into a groove on the posteromedial surface of the 
medial condyle of the tibia. It sends a fibrous ex¬ 
pansion upward and laterally, which reinforces the 
capsule on the back of the knee joint; the expansion 
is called the oblique popliteal ligainent. 


Fig. 10-28. Lymphatic drainage of superficial tis¬ 
sues of right lower limb, and abdominal walls be¬ 
low level of umbilicus. Note arrangement of super¬ 
ficial and deep inguinal lymph nodes and their 
relationship to saphenous opening in deep fascia. 
Note also that all lymph from these nodes ulti¬ 
mately drains into external iliac nodes via femoral 
canal. 
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10. The Lower Limb 


Nerve Supply 

The tibial portion of the sciatic. 


Action 

Flexes and medially rotates the leg at the knee joint; 
it also extends the thigh at the hip joint. 


ADDUCTOR MAGNUS 

(HAMSTRING PORTION)_ 

The hamstring portion of adductor magnus is de¬ 
scribed on page 593. 


Nerve Supply 

The tibial portion of the sciatic. 


Action 

Extends the thigh at the hip joint. 


Muscles of the Posterior Fascial 
Compartment of the Thigh—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-4. 


VESSELS OF 

THE POSTERIOR COMPARTMENT 

The four perforating branches of the profunda 
femoris artery provide a rich blood supply to this 
compartment (Fig. 10-25). The profunda femoris 
vein drains the greater part of the blood from the 
compartment. 


SCIATIC NERVE 

The sciatic nerve, a branch of the sacral plexus (L4 
and 5; SI, 2, and 3), leaves the gluteal region by 
passing downward deep to the long head of the bi¬ 
ceps femoris muscle. (See p. 575.) As it descends in 
the midline of the thigh (Fig. 10-26), it is over¬ 
lapped posteriorly by the adjacent margins of the 


biceps femoris and semimembranosus muscles. It 
lies on the posterior aspect of the adductor magnus 
muscle. In the lower third of the thigh it ends by 
dividing into the tibial and common peroneal 
nerves (Figs. 10-26 and 10-27). Occasionally, the 
sciatic nerve divides into its two terminal parts at 
a higher level—in the upper part of the thigh, the 
gluteal region, or even inside the pelvis. 


Branches (Figs. 10-68 and 10-70) 

1. The tibial nerve, a terminal branch of the sciatic 
nerve (Figs. 10-26 and 10-27), enters the poplite¬ 
al fossa. Its further course is described on page 
616. 

2. The common peroneal nerve , a terminal branch 
of the sciatic nerve (Figs. 10-26 and 10-27), en¬ 
ters the popliteal fossa on the lateral side of the 
tibial nerve. Its further course is described on 
page 617. 

3. Muscular branches to the long head of the biceps 
femoris, the semitendinosus, the semimembra¬ 
nosus, and the ischial fibers (hamstring part) of 
the adductor magnus. These branches arise 
from the tibial component of the sciatic nerve 
and run medially a short distance below the is¬ 
chial tuberosity to supply the muscles (Figs. 10- 
26 and 10-27). 


HIP JOINT 
Articulation 

Between the hemispherical head of the femur and 
the cup-shaped acetabulum of the hip bone (Fig. 
10-30). The articular surface of the acetabulum is 
horseshoe-shaped and is deficient inferiorly at the 
acetabular notch. The cavity of the acetabulum is 
deepened by the presence of a fibrocartilaginous 
rim, called the acetabular labrum. The labrum 
bridges across the acetabular notch and is here 
called the transverse acetabular ligament (Fig. 10- 
30). 

The articular surfaces are covered with hyaline 
cartilage. 


Type 

Synovial ball-and-socket. 
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Table 10-4. Muscles of the Lower Limb—Muscles of the Posterior Fascial Compartment of the Thigh 

Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Biceps femoris 

Long head: ischial 
tuberosity; 

Short head: linea 
aspera, lateral 
supracondylar 
ridge of shaft of 
femur 

Head of fibula 

Long head: tibial 
portion of sciatic 
nerve; 

Short head: 

common peroneal 
portion of sciatic 
nerve 

Flexes and laterally 
rotates leg at knee 
joint; long head 
also extends thigh 
at hip joint 

Semitendinosus 

Ischial tuberosity 

Upper part medial 
surface of shaft of 
tibia 

Tibial portion of 
sciatic nerve 

Flexes and medially 
rotates leg at knee 
joint; extends 
thigh at hip joint 

Semimembranosus 

Ischial tuberosity 

Medial condyle of 
tibia 

Tibial portion of 
sciatic nerve 

Flexes and medially 
rotates leg at knee 
joint; extends 
thigh at hip joint 

Adductor magnus 
(hamstring 
portion) 

Ischial tuberosity 

Adductor tubercle 
of femur 

Tibial portion of 
sciatic nerve 

Extends thigh at hip 
joint 


Capsule 

This encloses the joint and is attached to the ace¬ 
tabular labrum medially (Fig. 10-30). Laterally, it 
is attached to the intertrochanteric line of the fe¬ 
mur in front and halfway along the posterior as¬ 
pect of the neck of the bone behind. At its attach¬ 
ment to the intertrochanteric line in front, some of 
its fibers, accompanied by blood vessels, are re¬ 
flected upward along the neck as bands, called ret¬ 
inacula. These blood vessels supply the head and 
neck of the femur. 


Ligaments 

The iliofemoral ligament is strong and Y-shaped 
(Fig. 10-29). Its base is attached to the anterior in¬ 
ferior iliac spine above; below, the two limbs of the 
Y are attached to the upper and lower parts of the 
intertrochanteric line of the femur. This very strong 
ligament prevents overextension during standing. 

The pubofemoral ligament is triangular in shape 
(Fig. 10-29). The base of the ligament is attached 
to the superior ramus of the pubis, and the apex is 
attached below to the lower part of the intertro¬ 
chanteric line. This ligament limits extension and 
abduction. 


The ischiofemoral ligament is spiral in shape and 
is attached to the body of the ischium near the ace¬ 
tabular margin (Fig. 10-29). The fibers pass up¬ 
ward and laterally and are attached to the greater 
trochanter. This ligament limits extension. 

The transverse acetabular ligament is formed by 
the acetabular labrum as it bridges the acetabular 
notch (Fig. 10-30). The ligament converts the notch 
into a tunnel through which the blood vessels and 
nerves enter the joint. 

The ligament of the head of the femur is flat and 
triangular in shape (Fig. 10-30). It is attached by 
its apex to the pit on the head of the femur (fovea 
capitis), and by its base to the transverse ligament 
and the margins of the acetabular notch. It lies 
within the joint and is ensheathed by synovial 
membrane (Fig. 10-30). 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the articular surfaces (Fig. 10-30). It covers 
the portion of the neck of the femur that lies within 
the joint capsule. It ensheathes the ligament of the 
head of the femur and covers the pad of fat con¬ 
tained in the acetabular fossa. A pouch of synovial 
membrane frequently protrudes through a gap in 
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Fig. 10-29. (A) Anterior aspect and (B) posterior as¬ 
pect of right hip joint. 
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Fig. 10-30. (A) Coronal section of the right hip joint 
and (B) articular surfaces of the right hip joint and 
arterial supply of head of femur. 
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the anterior wall of the capsule, between the pu¬ 
bofemoral and iliofemoral ligaments, and forms 
the psoas bursa beneath the psoas tendon (Figs. 
10-29 and 10-31). 


Nerve Supply 

Femoral, obturator, and sciatic nerves and the 
nerve to the quadratus femoris. 


Movements 

The hip joint has a wide range of movement, but 
less so than the shoulder joint. Some of the move¬ 
ment has been sacrificed in order to provide 
strength and stability. The strength of the joint de¬ 
pends largely on the shape of the bones taking part 
in the articulation and on the very strong liga¬ 
ments. When the knee is flexed, flexion is limited 
by the anterior surface of the thigh coming into 
contact with the anterior abdominal wall. When 
the knee is extended, flexion is limited by the ten¬ 
sion of the hamstring group of muscles. Extension, 
which is the movement of the flexed thigh back¬ 
ward to the anatomical position, is limited by the 
tension of the iliofemoral, pubofemoral, and is¬ 
chiofemoral ligaments. Abduction is limited by the 
tension of the pubofemoral ligament, and adduc¬ 
tion is limited by contact with the opposite limb 
and by the tension in the ligament of the head of 
the femur. Lateral rotation is limited by the tension 
in the iliofemoral and pubofemoral ligaments, and 
medial rotation is limited by the ischiofemoral lig¬ 
ament. The following movements take place: 

Flexion is performed by the iliopsoas, rectus fem¬ 
oris, and sartorius, and also by the adductor 
muscles. 

Extension (a backward movement of the flexed 
thigh) is performed by the gluteus maximus and 
the hamstring muscles. 

Abduction is performed by the gluteus medius and 
minimus, assisted by the sartorius, tensor fasciae 
latae, and piriformis. 

Adduction is performed by the adductor longus 
and brevis and the adductor fibers of the adduc¬ 
tor magnus. These muscles are assisted by the 
pectineus and the gracilis. 

Lateral rotation is performed by the piriformis, ob¬ 
turator internus and externus, superior and in¬ 


ferior gemelli, and quadratus femoris, assisted 
by the gluteus maximus. 

Medial rotation is performed by the anterior fibers 
of gluteus medius and gluteus minimus and the 
tensor fasciae latae. 

Circumduction is a combination of the above move¬ 
ments. 

It should be remembered that the extensor group 
of muscles is more powerful than the flexor group, 
and that the lateral rotators are more powerful 
than the medial rotators. 


Important Relations 
Anteriorly 

Iliopsoas, pectineus, and rectus femoris muscles. 
The iliopsoas and pectineus separate the femoral 
vessels and nerve from the joint (Fig. 10-31). 


Posteriorly 

The obturator internus, the gemelli, and the quad¬ 
ratus femoris muscles separate the joint from the 
sciatic nerve (Fig. 10-31). 


Superiorly 

Piriformis and gluteus minimus (Fig. 10-31). 


Inferiorly 

Obturator externus tendon (Fig. 10-31). 


Bones of the Leg 

The leg is the part of the lower limb between the 
knee joint and the ankle joint. 


PATELLA 

The patella (Fig. 10-32) is a sesamoid bone lying 
within the quadriceps tendon. It is triangular in 
shape, and its apex lies inferiorly; the apex is con¬ 
nected to the tuberosity of the tibia by the ligamen- 
tum patellae. The posterior surface articulates with 
the condyles of the femur. It is situated in an ex¬ 
posed position in front of the knee joint and can 
easily be palpated through the skin. It is separated 
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Fig. 10-31. Structures surrounding right hip joint. 
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from the skin by an important subcutaneous bursa 
(Fig. 10-54). 

The upper, lateral, and medial margins give at¬ 
tachment to the different parts of the quadriceps 
femoris muscle. It is prevented from being dis¬ 
placed laterally during the action of the quadriceps 
muscle by the lower horizontal fibers of the vastus 
medialis and by the large size of the lateral condyle 
of the femur. 


TIBIA 

The tibia is the large medial bone of the leg (Figs. 
10-32 and 10-33). It articulates with the condyles 
of the femur and the head of the fibula above, and 
with the talus and the distal end of the fibula be¬ 
low. It has an expanded upper end, a smaller lower 
end, and a shaft. 

At the upper end are the lateral and medial con¬ 
dyles (sometimes called medial and lateral tihial 
plateaus ), which articulate with the lateral and 
medial condyles of the femur, the lateral and me¬ 
dial semilunar cartilages intervening. Separating 
the upper articular surfaces of the tibial condyles 
are anterior and posterior intercondylar areas; 
lying between these areas is the intercondylar em¬ 
inence (Fig. 10-32). 

The lateral condyle possesses on its lateral aspect 
a circular articular facet for the head of the fibula. 
The medial condyle shows a groove on its posterior 
aspect for the insertion of the semimembranosus 
muscle (Fig. 10-33). 

The shaft of the tibia is triangular in cross sec¬ 
tion, presenting three borders and three surfaces. 
Its anterior and medial borders, with the medial 
surface between them, are subcutaneous. The an¬ 
terior border is prominent and forms the shin. At 
the junction of the anterior border with the upper 
end of the tibia is the tuberosity, which receives the 
attachment of the ligamentum patellae. The ante¬ 
rior border becomes rounded below, where it be¬ 
comes continuous with the medial malleolus. The 
lateral or interosseous border gives attachment to 
the interosseous membrane. 

The posterior surface of the shaft shows an 


Fig. 10-32. Muscles and ligaments attached to ante¬ 
rior surfaces of right tibia and fibula; attachments 
to patella are also shown. 


oblique line, the soleal line (Fig. 10-33). Below the 
soleal line a vertical ridge passes downward, divid¬ 
ing the posterior surface into medial and lateral 
areas. 

The lower end of the tibia is slightly expanded 
and on its inferior aspect shows a saddle-shaped 
articular surface for the talus. The lower end is 
prolonged downward medially to form the medial 
malleolus. The lateral surface of the medial malleo¬ 
lus articulates with the talus. The lower end of the 
tibia shows a wide, rough depression on its lateral 
surface for articulation with the fibula. 

The important muscles and ligaments that are 
attached to the tibia are shown in Figures 10-32 
and 10-33. 


FIBULA 

The fibula is the slender lateral bone of the leg 
(Figs. 10-32 and 10-33). It takes no part in the ar¬ 
ticulation at the knee joint, but below, it forms the 
lateral malleolus of the ankle joint. It takes no part 
in the transmission of body weight. The fibula has 
an expanded upper end, a shaft, and a lower end. 

The upper end, or head, is surmounted by a sty¬ 
loid process. It possesses an articular suiface for ar¬ 
ticulation with the lateral condyle of the tibia. 

The shaft of the fibula is long and slender, and 
its shape is subject to considerable variation. Typi¬ 
cally, it has four borders and four surfaces. The an¬ 
terior surface is very narrow in its upper part, 
where the anterior and medial borders run close 
together or may become confluent. The medial or 
interosseous border gives attachment to the inter¬ 
osseous membrane. 

The lower end of the fibula forms the triangular 
lateral malleolus, which is subcutaneous. On the 
medial surface of the lateral malleolus is a trian¬ 
gular articular facet for articulation with the lat¬ 
eral aspect of the talus. Below and behind the ar¬ 
ticular facet is a depression called the malleolar 
fossa. 

The important muscles and ligaments that are 
attached to the fibula are shown in Figures 10-32 
and 10-33. 


Bones of the Foot 

The bones of the foot are the tarsal bones , the 
metatarsals, and the phalanges. 
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capsule of knee joint 



Fig. 10-33. Muscles and ligaments attached to pos¬ 
terior surfaces of right tibia and fibula. 
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Tarsal Bones 

The tarsal bones are the calcaneum, the talus, the 
navicular, the cuboid, and the three cuneiform 
bones. Only the talus articulates with the tibia and 
the fibula at the ankle joint. 


CALCANEUM 

The calcaneum is the largest bone of the tarsus and 
forms the prominence of the heel (Figs. 10-34, 10- 
35, and 10-36). It articulates above with the talus 
and in front with the cuboid. It has six surfaces. 

The anterior surface is small and forms the ar¬ 
ticular facet that articulates with the cuboid bone. 

The posterior surface forms the prominence of 
the heel. It is marked by a transverse ridge, which 
gives attachment to the tendo calcaneus (Achilles 
tendon). The smooth area above the ridge is sepa¬ 
rated from the tendon by a bursa. 

The superior surface is dominated by two artic¬ 
ular facets for the talus: an anterior and a large 
posterior facet, separated by a roughened groove, 
the sulcus calcanei. 

The inferior surface has an anterior tubercle in 
the midline and a large medial and a smaller lat¬ 
eral tubercle at the junction of the inferior and pos¬ 
terior surfaces. 

The medial surface possesses a large shelf-like 
process, which projects medially from its upper 
border, termed the sustentaculum tali. 

The lateral surface is almost flat. On its anterior 
part is a small elevation called the peroneal tuber¬ 
cle. 

The important muscles and ligaments that are 
attached to the calcaneum are shown in Figures 10- 
34, 10-35, and 10-36. 


TALUS _ 

The talus articulates above at the ankle joint with 
the tibia and fibula, below with the calcaneum, 
and in front with the navicular bone. It possesses a 
head, a neck, and a body (Figs. 10-34 and 10-35). 

The head of the talus is directed distally and has 
an oval convex articular surface for articulation 
with the navicular bone. This articular surface is 
continued on its inferior surface, where it rests on 
the sustentaculum tali behind and the calcaneo¬ 
navicular ligament in front. 


The neck of the talus lies posterior to the head 
and is slightly narrowed. Its upper surface is 
roughened and gives attachment to ligaments, and 
its lower surface shows a deep groove, the sulcus 
tali. The sulcus tali and the sulcus calcanei in the 
articulated foot form a tunnel, the sinus tarsi, 
which is occupied by the interosseous talocalcaneal 
ligament. 

The body of the talus is cuboidal in shape. Its 
superior surface articulates with the distal end of 
the tibia; it is convex from before backward and 
slightly concave from side to side. Its lateral surface 
presents a triangular articular facet for articulation 
with the lateral malleolus of the fibula. Its medial 
surface has a small, comma-shaped articular facet 
for articulation with the medial malleolus of the 
tibia. The posterior surface is marked by two small 
tubercles, separated by a groove for the flexor hal- 
lucis longus tendon. 

Numerous important ligaments are attached to 
the talus, but no muscles are attached to this bone. 

The remaining tarsal bones should be identified 
and the following important features noted. 


NAVICULAR BONE (FIGS. 10-34, 10-35, 

AND 10-36) 

The tuberosity of the navicular bone can be seen 
and felt on the medial border of the foot 1 inch (2.5 
cm) in front of and below the medial malleolus; it 
gives attachment to the main part of the tibialis 
posterior tendon. 


CUBOID BONE (FIGS. 10-34, 10-35, 

AND 10-36) 

There is a deep groove on its inferior aspect, which 
lodges the tendon of the peroneus longus muscle. 


CUNEIFORM BONES (FIGS. 10-35 AND 
10-36) 

These are three small, wedge-shaped bones, which 
articulate proximally with the navicular bone and 
distallv with the first three metatarsal bones. Their 
wedge shape contributes greatly to the formation 
and maintenance of the transverse arch of the foot. 
(See p. 668.) 

The tarsal bones, unlike those of the carpus, start 
to ossify before birth. Centers of ossification for the 
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Fig. 10-34. Calcaneum, talus, navicular, and cuboid 
bones. 
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extensor digitorum longus tendons 



Fig. 10-35. Muscle attachments on dorsal aspect of 
bones of right foot. 
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Fig, 10-36. Muscle attachments on plantar aspect of 
bones of right foot. 


























The Back Of The Thigh 613 


calcaneum and the talus, and often for the cuboid, 
are present at birth. By the fifth year, ossification 
is taking place in all the tarsal bones. 


Metatarsal Bones and Phalanges 
(Figs. 10-35 and 10-36) 

The metatarsal bones and phalanges resemble the 
metacarpals and phalanges of the hand, and each 
possesses a head , distally, a shaft, and a base, prox- 
imally. The metatarsals are numbered from the 
medial to the lateral side. 

The first metatarsal bone is large and strong and 
plays an important role in supporting the weight 
of the body. The head is grooved on its inferior as¬ 
pect by the medial and lateral sesamoid bones in 
the tendons of the flexor hallucis brevis. 

The fifth metatarsal has a prominent tubercle on 
its base, which can be easily palpated along the lat¬ 
eral border of the foot. The tubercle gives attach¬ 
ment to the peroneus brevis tendon. 


Popliteal Fossa 

The popliteal fossa is a diamond-shaped intermus¬ 
cular space situated at the back of the knee (Fig. 
10-37). The fossa is most prominent when the knee 
joint is flexed. It contains the popliteal vessels, the 
small saphenous vein, the common peroneal and 
tibial nerves, the posterior cutaneous nerve of the 
thigh, the genicular branch of the obturator nerve, 
connective tissue, and lymph nodes. 


Boundaries 

Laterally 

The biceps femoris above and the lateral head of 
the gastrocnemius and plantaris below (Fig. 10- 
37). 


Medially 

The semimembranosus and semitendinosus above 
and the medial head of gastrocnemius below (Fig. 
10-37). 

The an terior wall or floor of the fossa is formed 
by the popliteal surface of the femur, the posterior 
ligament of the knee joint, and the popliteus mus¬ 
cle (Figs. 10-37 and 10-38). 


The roof is formed by skin, superficial fascia, 
and the deep fascia of the thigh. 

The biceps femoris, the semimembranosus, and 
the semitendinosus muscles are described in the 
section on the back of the thigh, on page 598. The 
gastrocnemius and plantaris are described in the 
section on the back of the leg, on pages 628 and 630. 


POPLITEUS MUSCLE (FIGS. 10-38 
AND 10-45) 

Origin 

From the lateral surface of the lateral condyle of 
the femur by a rounded tendon and by a few fibers 
from the lateral semilunar cartilage. 


Insertion 

The fibers pass downward and medially and are 
attached to the posterior surface of the tibia, above 
the soleal line. The muscle arises within the cap¬ 
sule of the knee joint, and its tendon separates the 
lateral semilunar cartilage from the lateral liga¬ 
ment of the joint. It emerges through the lower 
part of the posterior surface of the capsule of the 
joint to pass to its insertion. 


Nerve Supply 
Tibial nerve. 


Action 

Medial rotation of the tibia on the femur; or, if the 
foot is on the ground, lateral rotation of the femur 
on the tibia. The latter action occurs at the com¬ 
mencement of flexion of the extended knee, and its 
rotatory action slackens the ligaments of the knee 
joint; this action is sometimes referred to as “un¬ 
locking the knee joint.” Because of its attachment 
to the lateral semilunar cartilage, it also pulls the 
cartilage backward at the commencement of flex¬ 
ion of the knee. 


POPLITEAL ARTERY 

The popliteal artery is deeply placed and enters the 
popliteal fossa through the opening in the adductor 
magnus, as a continuation of the femoral artery 
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tibia! nerve 
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adductor magnus 


adductor magnus 

popliteal vein 

popliteal artery 

obturator nerve 
(posterior division) 

popliteal surface 
of femur 

genicular artery 

semimembranosus 
capsule of knee joints 
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medial collateral ligament 

popliteus 
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posterior tibial artery 
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Fig. 10-38. Deep structures present in right poplit¬ 
eal fossa. Origin of soleus muscle is shown in out¬ 
line only. 
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(Fig. 10-38). It ends at the level of the lower border 
of the popliteus muscle by dividing into anterior 
and posterior tibial arteries. 


Relations 

Anteriorly 

The popliteal surface of the femur, the oblique 
popliteal ligament of the knee joint, and the poplit¬ 
eus muscle (Fig. 10-38). 


Posteriorly 

The popliteal vein and the tibial nerve, fascia, and 
skin (Figs. 10-37 and 10-38). 


Branches 

The popliteal arteiy has (1) muscular branches and 
(2) articular branches to the knee. 


POPLITEAL VEIN 

The popliteal vein is formed by the junction of the 
venae comitantes of the anterior and posterior tib¬ 
ial arteries at the lower border of the popliteus 
muscle on the medial side of the popliteal artery. 
As it ascends through the fossa, it crosses behind 
the popliteal artery, so that it comes to lie on its 
lateral side (Figs. 10-37 and 10-38). It passes 
through the opening in the adductor magnus to be¬ 
come the femoral vein. 


Tributaries 

The tributaries of the popliteal vein are as follows: 

1. Veins that correspond to branches given off by 
the popliteal artery. 

2. Small saphenous vein. This perforates the deep 
fascia and passes between the two heads of the 
gastrocnemius muscle to end in the popliteal 
vein. The origin of this vein is described on page 
627. 


ARTERIAL ANASTOMOSIS AROUND 
THE KNEE JOINT 

To compensate for the narrowing of the popliteal 
arteiy, which occurs during extreme flexion of the 


knee, there is around the knee joint a profuse anas¬ 
tomosis of small branches of the femoral artery 
with muscular and articular branches of the pop- , 
liteal artery and with branches of the anterior and , 
posterior tibial arteries. 


POPLITEAL LYMPH NODES 

About six lymph nodes are embedded in the fatty f 
connective tissue of the popliteal fossa (Fig. 10-28). 
They receive superficial lymph vessels from the lat¬ 
eral side of the foot and leg; these accompany the 
small saphenous vein into the popliteal fossa. They 
also receive lymph from the knee joint and from 
deep lymph vessels accompanying the anterior and 
posterior tibial arteries. 


TIBIAL NERVE 

The larger terminal branch of the sciatic nerve (see 
p. 600), the tibial nerve arises in the lower third of 
the thigh. It runs downward through the popliteal 
fossa, lving first on the lateral side of the popliteal 
artery, then posterior to it, and finally, medial to it 
(Figs. 10-37 and 10-38). The popliteal vein lies be¬ 
tween the nerve and the artery throughout its 
course. The nerve enters the posterior compart¬ 
ment of the leg by passing beneath the soleus mus¬ 
cle. Its further course is described on page 634. 


Branches (Fig. 10-70) 

1. Cutaneous. The sural nerve descends between 
the two heads of the gastrocnemius muscle and 
is usually joined by the sural communicating 
branch of the common peroneal nerve (Fig. lb- 
37). Numerous small branches arise from the 
sural nerve to supply the skin of the calf and the 
back of the leg. The sural nerve accompanies the 
small saphenous vein behind the lateral malleo¬ 
lus and is distributed to the skin along the lateral 
border of the foot and the lateral side of the little 
toe. 

2. Muscular branches supply both heads of the gas¬ 
trocnemius and the plantaris, soleus, and poplit¬ 
eus (Figs. 10-37 and 10-38). 

3. Articular branches supply the knee joint. 
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COMMON PERONEAL NERVE 

The smaller terminal branch of the sciatic nerve 
(see p. 600), the common peroneal nerve arises in 
the lower third of the thigh. It runs downward 
through the popliteal fossa, closely following the 
medial border of the biceps muscle (Fig. 10-37). It 
leaves the fossa by crossing superficially the lateral 
head of the gastrocnemius muscle. It then passes 
behind the head of the fibula, winds laterally 
around the neck of the bone, pierces the peroneus 
longus muscle, and divides into two terminal 
branches, (1) the superficial peroneal nerve and (2) 
the deep peroneal nerve (Fig. 10-42). As the nerve 
lies on the lateral aspect of the neck of the fibula, 
it is subcutaneous and can easily be rolled against 
the bone. 


Branches (Fig. 10-68) 

1. Cutaneous. 

a. The sural communicating branch (Fig. 10-37) 
runs downward and joins the sural nerve. 

b. The lateral cutaneous nerve of the calf sup¬ 
plies the skin on the lateral side of the back 
of the leg (Figs. 10-9 and 10-37). 

2. Muscular branch to the short head of the biceps 
femoris muscle, which arises high up in the pop¬ 
liteal fossa (Fig. 10-38). 

3. Articular branches to the knee joint. 


POSTERIOR CUTANEOUS NERVE 

OF THE THIGH__ 

The course of the posterior cutaneous nerve of the 
thigh through the gluteal region and the back of 
the thigh has been described on page 576. It ter¬ 
minates by supplying the skin over the popliteal 
fossa (Fig. 10-9). 


OBTURATOR NERVE __ 

The course of the posterior division of the obturator 
nerve in the medial compartment of the thigh has 
been described on page 596. It leaves the subsar- 
torL'l canal with the femoral artery by passing 
through the opening in the adductor magnus (Fig. 
10-38). The nerve terminates by supplying the knee 
joint. 


FASCIAL COMPARTMENTS 
OF THE LEG 

The deep fascia invests the leg and is continuous 
above with the deep fascia of the thigh. Below the 
tibial condyles it is attached to the anterior and 
medial borders of the tibia, where it is fused with 
the periosteum (Fig. 10-39). Two intermuscular 
septa pass from its deep aspect to be attached to 
the fibula. These, together with the interosseous 
membrane, divide the leg into three compart¬ 
ments: anterior, lateral, and posterior, each having 
its own muscles, blood supply, and nerve supply. 


INTEROSSEOUS MEMBRANE 

The interosseous membrane is a thin but strong 
membrane connecting the interosseous borders of 
the tibia and fibula (Figs. 10-39 and 10-42). The 
majority of fibers run obliquely downward and lat¬ 
erally. A large opening exists in the upper part of 
the membrane to permit the anterior tibial vessels 
to enter the anterior fascial compartment of the 
leg. A small opening is present in the lower part of 
the membrane for the perforating branch of the 
peroneal artery to enter the anterior fascial com¬ 
partment. The membrane is continuous below 
with the interosseous ligament of the inferior tibio¬ 
fibular joint. The interosseous membrane binds the 
tibia and fibula together and provides attachment 
for neighboring muscles. 


RETINACULA OF THE ANKLE 

In the region of the ankle joint, the deep fascia is 
thickened to form a series of retinacula, which 
serve to keep the long tendons in position and act 
as modified pulleys. 

The superior extensor retinaculum is a thickened 
band of deep fascia that is attached to the distal 
ends of the anterior borders of the fibula and tibia 
(Fig. 10-40). Near its medial end, it splits to enclose 
the tendon of the tibialis anterior muscle. 

The inferior extensor retinaculum is a Y-shaped 
band of deep fascia that is attached by its stem to 
the upper surface of the anterior part of the calca- 
neum (Figs. 10-40 and 10-41). The upper limb of 
the Y is attached to the medial malleolus, and the 
lower limb is continuous with the plantar fascia on 
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Fig. 10-39. Transverse section through middle of 
right leg as seen from above. 


Fig. 10-40. Structures present on anterior and lat¬ 
eral aspects of right leg and on dorsum of foot. 
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Fig. 10-41. Anterior view of ankles and feet of a 29- 
vear-old female showing (A) inversion of right foot 
and (B) eversion of right foot. 


the medial border of the foot. The tendons of the 
tibialis anterior, the extensor hallucis longus, the 
extensor digi torum longus, and the peroneus ter- 
tius split the upper limb of the retinaculum into 
superficial and deep layers. Fibrous bands separate 
the tendons into compartments, each of which is 
lined by a synovial sheath. 

The flexor retinaculum is a thickened band of 
deep fascia that extends from the medial malleolus 
downward and backward to be attached to the me¬ 
dial surface of the calcaneum (Fig. 10-43). It binds 
the tendons of the deep muscles to the medial side 
of the ankle as they pass forward from behind the 
medial malleolus to enter the sole of the foot. The 
tendons lie in compartments, each of which is 
lined by a synovial sheath. 

The superior peroneal retinaculum is a thickened 
band of deep fascia that extends from the lateral 
malleolus downward and backward to be attached 
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to the lateral surface of the calcaneum (Fig. 10-43). 

It binds the tendons of the peroneus longus and 
brevis to the lateral side of the ankle. The tendons , 
are provided with a common synovial sheath. 

The inferior peroneal retinaculum is a thickened 
band of deep fascia that is attached to the peroneal 
tubercle and to the calcaneum above and below the 
peroneal tendons (Fig. 10-43). The tendons of per¬ 
oneus longus and brevis each possess a synovial 
sheath, which is continuous above with the com¬ 
mon sheath. 

The arrangement of the tendons beneath the dif¬ 
ferent retinacula is described on page 634. 


THE FRONT OF THE LEG 
Skin 


CUTANEOUS NERVES 


The lateral cutaneous nerve of the calf a branch of 
the common peroneal nerve (see p. 616), supplies 
the skin on the upper part of the anterolateral sur¬ 
face of the leg (Fig. 10-8). 
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The superficial peroneal nerve, a branch of the 
common peroneal nerve (see p. 617), supplies the 
skin of the lower part of the anterolateral surface 
of the leg (Fig. 10-8). 

The saphenous nerve, a branch of the femoral 
nerve (see p. 590), supplies the skin on the antero¬ 
medial surface of the leg (Fig. 10-8). 


SUPERFICIAL VEINS 

Numerous small veins curve around the medial as¬ 
pect of the leg and ultimately drain into the great 
saphenous vein (Fig. 10-18). 


LYMPH VESSELS 

The greater part of the lymph from the skin and 
superficial fascia on the front of the leg drains up¬ 
ward and medially in vessels that follow the great 
saphenous vein, to end in the vertical group of su¬ 
perficial inguinal lvmph nodes (Fig. 10-28). A 
small amount of lymph from the upper lateral part 
of the front of the leg may pass via vessels that ac¬ 
company the small saphenous vein and drain into 
the popliteal nodes (Fig. 10-28). 


Contents of the Anterior Fascial 
Compartment of the Leg 

Muscles 

The tibialis anterior, extensor digitorum longus, 
peroneus tertius, and extensor hallucis longus. 


Blood Supply 

Anterior tibial artery. 


Nerve Supply 

Deep peroneal nerve. 


Muscles of the Anterior Fascial 
Compartment of the Leg _ 

TIBIALIS ANTERIOR (FIG. 10-40)_ 

Origin _ 

From the upper half of the lateral surface of the 
tibia and from the interosseous membrane. 


Insertion 

The tendon passes through both extensor retinac¬ 
ula and is attached to the medial cuneiform bone 
and the adjoining base of the first metatarsal bone. 


Nerve Supply 
Deep peroneal nerve. 


Action 

Extends (dorsiflexes) + the foot at the ankle joint and 
inverts the foot at the subtalar and transverse tarsal 
joints (see p. 663). It assists in holding up the me¬ 
dial longitudinal arch of the foot. 


EXTENSOR DIGITORUM LONGUS 
(FIG. 10-40) 

Origin 

From the upper two-thirds of the anterior surface 
of the fibula and from the interosseous membrane. 


Insertion 

The tendons pass behind the superior and through 
the inferior extensor retinacula. The four tendons 
then diverge and pass to the lateral four toes. 

On the dorsal surface of each toe, the extensor 
tendon becomes incorporated into a fascial expan¬ 
sion, called the ex tensor expansion. The central 
part of the expansion is inserted into the base of 
the middle phalanx, and the two lateral parts con¬ 
verge to be inserted into the base of the distal pha¬ 
lanx. (Compare with the insertion of extensor dig¬ 
itorum in the hand.) 


Nerve Supply 
Deep peroneal nerve. 


Action 

Extends the toes and extends the foot at the ankle 
joint. 

'Extension, or dorsiflexion, of the ankle is the movement of 
the foot away from the ground. 
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PERONEUS TERTIUS (FIG. 10-40)_ 

Origin 

This muscle is part of the extensor digitorum lon¬ 
gus. It arises from the lower third of the anterior 
surface of the fibula and the interosseous mem¬ 
brane. 


Insertion 

Its tendon follows the tendons of extensor digito¬ 
rum longus behind the superior and through the 
inferior extensor retinacula and shares their syno¬ 
vial sheath. It is inserted into the medial side of the 
dorsal aspect of the base of the fifth metatarsal 
bone. 


Nerve Supply 

Deep peroneal nerve. 


Action 

Extends the foot at the ankle joint and everts the 
foot at the subtalar and transverse tarsal joints. 


EXTENSOR HALLUCIS LONGUS 
(FIG. 10-40) 

Origin 

From the middle half of the anterior surface of the 
fibula and from the interosseous membrane. 


Insertion 

The tendon passes behind the superior and through 
the inferior extensor retinacula. It is inserted into 
the base of the distal phalanx of the great toe. 


Nerve Supply 

Deep peroneal nerve. 


Action 


Muscles of the Anterior Fascial 
Compartment of the Leg—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-5. 


Artery of the Anterior Fascial 
Compartment of the Leg 

ANTERIOR TIBIAL ARTERY 

The anterior tibial artery is the smaller of the ter¬ 
minal branches of the popliteal artery. It arises at 
the level of the lower border of the popliteus mus¬ 
cle (see p. 613) and passes forward into the ante¬ 
rior compartment of the leg through an opening in 
the upper part of the interosseous membrane (Fig. 
10-38). It descends on the anterior surface of the 
interosseous membrane, accompanied bv the deep 
peroneal nerve (Fig. 10-42). In the upper part of its 
course it lies deep beneath the muscles of the com¬ 
partment . In the lower part of its course it lies su¬ 
perficial in front of the lower end of the tibia (Figs. 
10-40 and 10-42). Having passed behind the supe¬ 
rior extensor retinaculum, it has the tendon of the 
extensor hallucis longus on its medial side and the 
deep peroneal nerve and the tendons of extensor 
digitorum longus on its lateral side. It is here that 
its pulsations can easily be felt in the living subject. 
In front of the ankle joint, the artery becomes the 
dorsalis pedis artery. (See p. 652.) 


Branches 

The anterior tibial artery has the following 
branches: 

1. Muscular branches to neighboring muscles. 

2. Anastomotic branches, which anastomose with 
branches of other arteries around the knee and 
ankle joints. 

Venae comitantes of the anterior tibial artery join 
those of the posterior tibial artery in the popliteal 
fossa, to form the popliteal vein. 


Extends the big toe and extends the foot at the an¬ 
kle joint; it also assists in inversion of the foot at 
the subtalar and transverse tarsal joints. 
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Table 10-5. Muscles of the Lower Limb—Muscles of Anterior Fascial Compartment of the Leg 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Tibialis anterior 

Lateral surface of 
shaft of tibia and 
interosseous 
membrane 

Medial cuneiform 
and base of first 
metatarsal bone 

Deep peroneal nerve 

Extends* the foot at 
ankle joint; 
inverts foot at 
subtalar and 
transverse tarsal 
joints; holds up 
medial 

longitudinal arch 
of foot 

Extensor digitorum 
longus 

Anterior surface of 
shaft of fibula 

Extensor expansion 
of lateral four 
toes 

Deep peroneal nerve 

Extends toes; 
extends foot at 
ankle joint 

Peroneus tertius 

Anterior surface of 
shaft of fibula 

Base of fifth 

metatarsal bone 

Deep peroneal nerve 

Extends foot at 
ankle joint; everts 
foot at subtalar 
and transverse 
tarsal joints 

Extensor hallucis 
longus 

Anterior surface of 
shaft of fibula 

Base of distal 
phalanx of great 
toe 

Deep peroneal nerve 

Extends big toe; 
extends foot at 
ankle joint; 
inverts foot at 
subtalar and 
transverse tarsal 
joints 

Extensor digitorum 
brevis 

Calcaneum 

Bv four tendons into 
the proximal 
phalanx of big toe 
and long extensor 
tendons to 
second, third, and 
fourth toes 

Deep peroneal nerve 

Extends toes 


^Extension, or dorsiflexion, of the ankle is the movement of the foot away from the ground. 


Nerve of the Anterior Fascial 
Compartment of the Leg 

DEEP PERONEAL NERVE__ 

The deep peroneal nerve is one of the terminal 
branches of the common peroneal nerve. (See p. 
617.) It arises in the substance of the peroneus lon¬ 
gus muscle on the lateral side of the neck of the 
fibula (Fig. 10-42). The nerve enters the anterior 
compartment by piercing the anterior fascial sep¬ 
tum. It then descends deep to the extensor digito- 
rum longus muscle, first lving lateral, then ante¬ 
rior, and finally lateral to the anterior tibial artery 


(Fig. 10-42). The nerve passes behind the extensor 
retinacula. Its further course in the foot is de¬ 
scribed on page 652. 


Branches _ 

The deep peroneal nerve has the following 
branches: 

1. Muscular branches to the tibialis anterior, the 
extensor digitorum longus, the peroneus tertius, 
and the extensor hallucis longus. 

2. Articular branch to the ankle joint. 
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Contents of the Lateral Fascial 
Compartment of the Leg 

Muscles 

Peroneus longus and peroneus brevis. 


Blood Supply 

Branches from the peroneal artery. 


Nerve Supply 

Superficial peroneal nerve. 


Muscles of the Lateral Fascial 
Compartment of the Leg 

PERONEUS LONGUS (FIGS. 10-42 
AND 10-43) 

Origin 

O _ _ ___ 

From the upper two-thirds of the lateral surface of 
the fibula. 


Insertion 

The tendon runs downward behind the lateral 
malleolus and is held in position by the superior 
peroneal retinaculum. The tendon then runs for¬ 
ward on the lateral surface of the calcaneum below 
the peroneal tubercle. Here, it is held in place by 
the inferior peroneal retinaculum. On reaching the 
lateral aspect of the cuboid, it winds around the 
lateral margin and enters a groove on its inferior 
aspect. It is inserted into the medial cuneiform and 
the base of the first metatarsal. 


Nerve Supply 

Superficial peroneal nerve. 


Action ____ 

Plantar flexes the foot at the ankle joint and everts 
the foot at the subtalar and transverse tarsal joints. 


Fig. 10-42. Deep structures present on anterior and 
lateral aspects of right leg and on dorsum of foot. 


It plays an important part in holding up the lateral 
longitudinal arch in the foot and serves as a tie to 
the transverse arch of the foot. 


PERONEUS BREVIS (FIGS. 10-42 
AND 10-43) 

Origin 

From the lower two-thirds of the lateral surface of 
the fibula. 


Insertion 

The tendon passes downward behind and directly 
in contact with the lateral malleolus and is held in 
position by the superior peroneal retinaculum. The 
tendon runs forward above the peroneal tubercle 
of the calcaneum and is held in place by the infe¬ 
rior peroneal retinaculum. It is inserted into the tu¬ 
bercle on the base of the fifth metatarsal bone. 


Nerve Supply 
Superficial peroneal nerve. 


Action 

Plantar flexes the foot at the ankle joint and everts 
the foot at the subtalar and transverse tarsal joints. 
It assists in holding up the lateral longitudinal arch 
of the foot. 


Muscles of the Lateral Fascial 
Compartment of the Leg—Their Nerve 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-6. 


Artery of the Lateral Fascial 
Compartment of the Leg 

Numerous branches from the peroneal artery (see 
p. 634), which lies in the posterior compartment of 
the leg, pierce the posterior fascial septum and 
supply the peroneal muscles. 
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Nerve of the Lateral Fascial 
Compartment of the Leg 

SUPERFICIAL PERONEAL NERVE 

The superficial peroneal nerve is one of the termi¬ 
nal branches of the common peroneal nerve. (See 
p. 617.) It arises in the substance of the peroneus 
longus muscle on the lateral side of the neck of the 
fibula (Fig. 10-42). It descends first between the 
peroneus longus and brevis muscles and then be¬ 
tween the peroneus brevis and the extensor digito- 
rum longus. In the lower part of the leg, it pierces 
the deep fascia and becomes cutaneous (Fig. 10- 
40). 


Branches 

The superficial peroneal nerve has the following 

branches: 

1. Muscular branches to the peroneus longus and 
brevis (Fig. 10-42). 

2. Cutaneous. Medial and lateral cutaneous branch¬ 
es are distributed to the skin on the lower part 
of the front of the leg and the dorsum of the foot. 
In addition, it supplies the dorsal surfaces of the 
skin of all the toes, except the adjacent sides of 
the first and second toes and the lateral side of 
the little toe. (See p. 650.) 


THE BACK OF THE LEG_ 

Skin 

CUTANEOUS NERVES__ 

The posterior cutaneous nerve of the thigh descends 
on the back of the thigh. (See p. 576.) In the pop¬ 
liteal fossa, it pierces the deep fascia and supplies 
the skin over the popliteal fossa and the upper part 
of the back of the leg (Fig. 10-9). 

The lateral cutaneous nerve of the calf, a branch 


Fig. 10-43. Structures passing behind (A) lateral 
malleolus and (B) medial malleolus. Synovial 
sheaths of tendons are shown in blue. Note posi¬ 
tions of retinacula. 


of the common peroneal nerve (see p. 617), sup¬ 
plies the skin on the upper part of the postero¬ 
lateral surface of the leg (Fig. 10-9). 

The sural nerve, a branch of the tibial nerve (see 
p. 616), supplies the skin on the lower part of the 
posterolateral surface of the leg (Fig. 10-9). 

The saphenous nerve, a branch of the femoral 
nerve (see p. 590), gives off branches that supply 
the skin on the posteromedial surface of the leg 
(Fig. 10-9). 


SUPERFICIAL VEINS 

The small saphenous vein arises from the lateral 
part of the dorsal venous arch of the foot (Fig. 10- 
18). It ascends behind the lateral malleolus in com¬ 
pany with the sural nerve. It follows the lateral bor¬ 
der of the tendo calcaneus and then runs up the 
middle of the back of the leg. The vein pierces the 
deep fascia and passes between the two heads of 
the gastrocnemius muscle in the lower part of the 
popliteal fossa (Figs. 10-18 and 10-37); it ends in 
the popliteal vein. (See p. 616.) The small saphe¬ 
nous vein has numerous valves along its course. 


Tributaries 

1. Numerous small veins from the back of the leg. 

2. Communicating veins with the deep veins of the 
foot. 

3. Important anastomotic branches that run up¬ 
ward and medially and join the great saphenous 
vein (Fig. 10-18). 

The mode of termination of the small saphenous 
vein is subject to variation: (1) It may join the pop¬ 
liteal vein; (2) it may join the great saphenous vein; 
or (3) it may split in two, one division joining the 
popliteal and the other joining the great saphenous 
vein. 


LYMPH VESSELS 

Lymph vessels from the skin and superficial fascia 
on the back of the leg drain upward and either pass 
forward around the medial side of the leg to end 
in the vertical group of superficial inguinal nodes, 
or drain into the popliteal nodes (Fig. 10-28). 
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Table 10-6. Muscles of the Lower Limb—Muscles of the Lateral Fascial Compartment of the Leg 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Peroneus longus 

Lateral surface of 
shaft of fibula 

Base of first 
metatarsal and 
the medial 
cuneiform 

Superficial peroneal 
nerve 

Plantar flexes foot 
at ankle joint; 
everts foot at 
subtalar and 
transverse tarsal 
joints; supports 
lateral 

longitudinal and 
transverse arches 
of foot 

Peroneus brevis 

Lateral surface of 
shaft of fibula 

Base of fifth 

metatarsal bone 

Superficial peroneal 
nerve 

Plantar flexes foot 
at ankle joint; 
everts foot at 
subtalar and 
transverse tarsal 
joint; supports 
lateral 

longitudinal arch 
of foot 


Contents of the Posterior Fascial 
Compartment of the Leg 

The deep transverse fascia of the leg is a septum 
that divides the muscles of the posterior compart¬ 
ment into superficial and deep groups. 


Superficial Group of Muscles 
Gastrocnemius, plantaris, and soleus. 


Deep Group of Muscles 

Popliteus, flexor digitorum longus, flexor hallucis 
longus, and tibialis posterior. 


Blood Supply 
Posterior tibial arteiy. 


Nerve Supply 
Tibial nerve. 


Muscles of the Posterior Fascial 
Compartment of the Leg: Superficial 
Group 

GASTROCNEMIUS (FIG. 10-44) 

The gastrocnemius is the most superficial of the 
calf muscles. 


Origin 

Lateral head , from the lateral aspect of the lateral 
condyle of the femur; medial head, from the pop¬ 
liteal surface of the femur above the medial con¬ 
dyle. 


Insertion 

The two large and powerful fleshy bellies join the 
posterior part of the common tendon called the 
tendo calcaneus, which is attached to the posterior 
surface of the calcaneum. A small bursa separates 
the tendon from the upper part of the posterior 
surface of the bone. 


Nerve Supply 


Tibial nerve. 
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Fig. 10-44. Structures present on posterior aspect of 
right leg. In (B), part of gastrocnemius has been re¬ 
moved. 
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Action 

Insertion 

Plantar flexes the foot at the ankle joint and flexes 
the knee joint. (See action of the soleus.) 

The tendon joins the anterior part of the common 
tendon, the tendo calcaneus, which is attached to 
the posterior surface of the calcaneum. 

PLANTARIS (FIG. 10-44) 

Nerve Supply 

The plantaris muscle has a small fusiform belly. 
The muscle is sometimes double or it may be ab¬ 
sent. 

Tibial nerve. 

Action 

Origin 

Together with the gastrocnemius and plantaris, the 
three muscles act as powerful plantar flexors of the 
ankle joint. They provide the main forward pro¬ 
pulsive force in walking and running by using the 
foot as a lever and raising the heel off the ground. 

From the lateral supracondylar ridge of the femur. 

It has a small fleshy belly and a very long narrow 
tendon. (The tendon is commonly used in recon¬ 
structive surgery of the tendons of the hand.) 


Insertion 

The long tendon descends obliquely in the interval 
between the gastrocnemius and soleus and then 
along the medial border of the tendo calcaneus, to 
be attached to the posterior surface of the calca- 
neum, on the medial side of the tendon. 


Nerve Supply 

Tibial nerve. 


Action 

It is a feeble muscle. It assists in plantar flexing the 
foot at the ankle joint and flexing the knee joint. 
(See action of the soleus.) 


SOLEUS (FIG. 10-44) 

The soleus is a broad, flat muscle that lies anterior 
to the gastrocnemius. 


Origin 

An inverted V-shaped origin from the soleal line on 
the posterior surface of the tibia, from the upper 
quarter of the posterior surface of the shaft of the 
fibula, and from a fibrous arch between these 
bones. 


Muscles of the Posterior Fascial 
Compartment of the Leg: Deep Group 

POPLITEUS 

This flat triangular muscle is described in the sec¬ 
tion on the popliteal fossa. (See p. 613.) It arises 
inside the capsule of the knee joint and is inserted 
into the upper part of the posterior surface of the 
tibia. 


FLEXOR DIGITORUM LONGUS 
(FIG. 10-45) 

Origin 

From the medial part of the posterior surface of the 
tibia, below the soleal line. 


Insertion 

The tendon passes behind the medial malleolus, 
deep to the flexor retinaculum, and enters the sole 
of the foot. It receives a strong slip from the tendon 
of the flexor hallucis longus. The main tendon now 
divides into four tendons, which pass to the lateral 
four toes, where they are inserted into the bases of 
the distal phalanges. Each tendon passes through 


Fig. 10-45. Deep structures present on posterior as¬ 
pect of right leg. 
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an opening in the corresponding tendon of flexor 
digitorum brevis, the arrangement being similar to 
that in the flexor digitorum profundus in the hand. 
(See p. 493.) The quadratus plantae is inserted into 
the main tendon proximal to its division. The four 
lumbrical muscles arise from the four tendons of 
flexor digitorum longus. 


Nerve Supply 
Tibial nerve. 


Action 

Flexes the distal phalanges of the lateral four toes 
and assists in plantar flexing the foot at the ankle 
joint. It plays an important part in maintaining the 
medial and lateral longitudinal arches in the foot. 

FLEXOR HALLUCIS LONGUS (FIG. 10-45) 
Origin 

From the lower two-thirds of the posterior surface 
of the shaft of the fibula. 


Insertion 

The tendon passes behind the medial malleolus, 
deep to the flexor retinaculum. It grooves the pos¬ 
terior surface of the talus and passes forward on 
the sole of the foot beneath the sustentaculum tali. 
It gives off a strong slip to the tendon of flexor dig¬ 
itorum longus. It is inserted into the base of the 
distal phalanx of the big toe. 


Nerve Supply 
Tibial nerve. 


Action 

Flexes the distal phalanx of the big toe and assists 
in plantar flexing the foot at the ankle joint. It plays 
an important part in maintaining the medial lon¬ 
gitudinal arch in the foot. 


TIBIALIS POSTERIOR (FIG. 10-45)_ 

Origin 

From the lateral part of the posterior surface of the 
tibia, the interosseous membrane, and the upper 
half of the posterior surface of the fibula. 


Insertion 

The tendon passes behind the medial malleolus 
deep to the flexor retinaculum. It runs forward into 
the sole of the foot above the sustentaculum tali 
and is inserted mainly into the tuberosity of the na¬ 
vicular bone. Small tendinous slips pass to the cu¬ 
boid, the cuneiforms, and the bases of the second, 
third, and fourth metatarsals. 


Nerve Supply 

Tibial nerve. 


Action 

Plantar flexes the foot at the ankle joint and inverts 
the foot at the subtalar and transverse tarsal joints. 
It plays an important part in holding up the medial 
longitudinal arch in the foot. The small tendinous 
slips of insertion assist in holding the bones of the 
foot together. 

O 


Muscles of the Posterior Fascial 
Compartment of the Leg—Their Ner\>e 
Supply and Action 

Students wishing to review these muscles should 
study Table 10-7. 


Artery of the Posterior Fascial 
Compartment of the Leg 

POSTERIOR TIBIAL ARTERY 

The posterior tibial artery is one of the terminal 
branches of the popliteal arteiy. (See p. 613.) It be¬ 
gins at the level of the lower border of the popliteus 
muscle and passes downward deep to the gastroc¬ 
nemius and soleus and the deep transverse fascia 
of the leg (Figs. 10-38, 10-39, and 10-45). It lies on 































Table 10-7. Muscles of the Lower Limb—Muscles of the Posterior Fascial Compartment of the Leg 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

SUPERFICIAL GROUP 

Gastrocnemius 

Lateral head from 
lateral condyle of 
femur and medial 
head from above 
medial condyle 

Via tendo calcaneus 
into posterior 
surface of 
calcaneum 

Tibial nerve 

Plantar flexes foot 
at ankle joint ’, 
flexes knee joint 

Plantaris 

Lateral 

supracondylar 
ridge of femur 

Posterior surface of 
calcaneum 

Tibial nerve 

Plantar flexes foot 
at ankle joint; 
flexes knee joint 

Soleus 

Shafts of tibia and 
fibula 

Via tendo calcaneus 
into posterior 
surface of 
calcaneum 

Tibial nerve 

Together with 
gastrocnemius 
and plantaris is 
powerful plantar 
flexor of ankle 
joint; provides 
main propulsive 
force in walking 
and running 

DEEP GROUP 

Popliteus 

Lateral surface of 
lateral condyle of 
femur 

Posterior surface of 
shaft of tibia 
above soleal line 

Tibial nerve 

Flexes leg at knee 
joint; unlocks 
knee joint bv 
lateral rotation of 
femur on tibia 
and slackens 
ligaments of joint 

Flexor digitorum 
longus 

Posterior surface of 
shaft of tibia 

Bases of distal 
phalanges of 
lateral four toes 

Tibial nerve 

Flexes distal 
phalanges of 
lateral four toes; 
plantar flexes foot 
at ankle joint; 
supports medial 
and lateral 
longitudinal 
arches of foot 

Flexor hallucis 
longus 

Posterior surface of 
shaft of fibula 

Base of distal 

phalanx of big toe 

Tibial nerve 

Flexes distal 
phalanx of big 
toe; plantar flexes 
foot at ankle 
joint; supports 
medial 

longitudinal arch 
of foot 

Tibialis posterior 

Posterior surface of 
shafts of tibia and 
fibula and 
interosseous 
membrane 

Tuberosity of 
navicular bone 
and other 
neighboring 
bones 

Tibial nerve 

Plantar flexes foot 
at ankle joint; 
inverts foot at 
subtalar and 
transverse tarsal 
joints; supports 
medial 

longitudinal arch 
of foot 
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the posterior surface of the tibialis posterior muscle 
above and on the posterior surface of the tibia be¬ 
low. The tibia 1 nerve lies first on its medial side, 
then crosses posterior to it, and finally lies on its 
lateral side. In the lower part of the leg, the arteiy 
lies about 1 inch (2.5 cm) in front of the medial 
border of the tendo calcaneus and is here covered 
only by skin and fascia. The artery passes behind 
the medial malleolus deep to the flexor retinacu¬ 
lum and terminates by dividing into medial and 
lateral plantar arteries (Fig. 10-43). 


Branches 

1. Peroneal arteiy. This is a large artery that arises 
close to the origin of the posterior tibial arteiy 
(Fig. 10-45). It descends behind the fibula, either 
within the substance of the flexor hallucis longus 
muscle or posterior to it. The peroneal artery 
gives off numerous muscular branches and a nu¬ 
trient artery to the fibula and ends by taking part 
in the anastomosis around the ankle joint. A per¬ 
forating branch pierces the interosseous mem¬ 
brane to reach the lower part of the front of the 
leg. 

2. Muscular branches are distributed to muscles in 
the posterior compartment of the leg. 

3. Nutrient artery to the tibia. 

4. Anastomotic branches, which join other arteries 
around the ankle joint. 

5. Medial and lateral plantar arteries. (See p. 648.) 

Venae comitantes of the posterior tibial artery 

join those of the anterior tibial arteiy in the popli¬ 
teal fossa, to form the popliteal vein. 


Nerve of the Posterior Fascial 
Compartment of the Leg 

TIBIAL NERVE 

The tibial nerve is the larger terminal branch of the 
sciatic nerve (Fig. 10-70) in the lower third of the 
back of the thigh. (See p. 616.) It descends through 
the popliteal fossa and passes deep to the gastroc¬ 
nemius and soleus muscles (Figs. 10-44 and 10-45). 
It lies on the posterior surface of the tibialis poste¬ 
rior, and lower down the leg, on the posterior sur¬ 
face of the tibia (Fig. 10-45). The nerve accompan¬ 


ies the posterior tibial artery and lies at first on its 
medial side, then crosses posterior to it, and finally 
lies on its lateral side. The nerve, with the arteiy, 
passes behind the medial malleolus, between the 
tendons of the flexor digitorum longus and the 
flexor hallucis longus (Fig. 10-43). It is covered here 
by the flexor retinaculum and divides into the me¬ 
dial and lateral plantar nerves. 


Branches in the Leg (Below the 
Popliteal Fossa) 

1. Muscular branches to the soleus, flexor digito¬ 
rum longus, flexor hallucis longus, and tibialis 
posterior. 

2. Cutaneous. The medial calcaneal branch sup¬ 
plies the skin over the medial surface of the heel 
(Fig. 10-43). 

3. Articular branch to the ankle joint. 

4. Medial and lateral plantar nerves. (See p. 648.) 


THE REGION OF THE ANKLE 

Before learning the anatomy of the foot, it is essen¬ 
tial that a student have a sound knowledge of the 
arrangement of the tendons, arteries, and nerves in 
the region of the ankle joint. From the clinical 
standpoint, the ankle is a common site for frac¬ 
tures, sprains, and dislocations. 

In the drawing of a transverse section through 
the ankle joint shown in Figure 10-46, identify the 
structures from medial to lateral; at the same time, 
examine your own ankle and identify as many of 
the structures as possible. 


ANTERIOR ASPECT OF THE ANKLE 
(FIG. 10-46)_ 

Structures that Pass Anterior to 
the Extensor Retinacula fi'om 
Medial to Lateral 

1. Saphenous nerve and great saphenous vein (in 
front of the medial malleolus). 

2. Superficial peroneal nerve (medial and lateral 
branches). 
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tibialis anterior 


extensor hallucis longus 

dorsalis pedis artery 


inferior 

extensor retinaculum 

saphenous nerve 
great saphenous vein 
talus 

medial malleolus 


flexor retinaculum 
tibialis posterior 
flexor digitorum longus 

posterior tibial artery 

tibial nerve 
flexor hallucis longus 

plantaris tendon 



extensor digitorum longus 


peroneus tertius 


deep peroneal nerve 


lateral malleolus 


superior peroneal retinaculum 
posterior talofibular ligament 
peroneus brevis and longus 
sural nerve 
small saphenous vein 

tendo calcaneus 


Fig. 10-46. Relations of right ankle joint. 


Structures that Pass Beneath or Through 
the Extensor Retinacula (Fig. 10-46) from 
Medial to Lateral 

1. Tibialis anterior tendon. 

2. Extensor hallucis longus tendon. 

3. Anterior tibial artery with venae comitantes. 

4. Deep peroneal nerve. 

5. Extensor digitorum longus tendons. 

6. Peroneus tertius. 

As each of the above tendons passes beneath or 
through the extensor retinacula, it is surrounded by 
a synovial sheath. The tendons of extensor digito¬ 


rum longus and the peroneus tertius share a com¬ 
mon synovial sheath. 


POSTERIOR ASPECT OF THE ANKLE 

Structures that Pass Behind the Medial 
Malleolus Beneath the Flexor Retinaculum 
from Medial to Lateral (Figs. 10-43 
and 10-46) 

1 . Tibialis posterior tendon. 

2. Flexor digitorum longus. 

3. Posterior tibial artery with venae comitantes. 

4. Tibial nerve. 

5. Flexor hallucis longus. 
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As each of these tendons pass beneath the flexor 
retinaculum, it is surrounded by a synovial sheath. 


Structures that Pass Behind the Lateral 
Malleolus Superficial to the Superior 
Peroneal Retinaculum (Fig. 10-46) 

1. The sural nerve and small saphenous vein. 


Structures that Pass Behind the Lateral 
Malleolus Beneath the Superior Peroneal 
Retinaculum (Figs. 10-43 and 10-46) 

1. Peroneus longus and brevis tendons. Both ten¬ 
dons share a common synovial sheath; lower 
down, beneath the inferior peroneal retinacu¬ 
lum, they have separate sheaths. 


Structures that Lie Directly Behind 
the Ankle (Fig. 10-46) 

1. fat and the large tendo calcaneus. 


THE FOOT 

The foot supports the body weight and provides le¬ 
verage for walking and running. It is unique in that 
it is constructed in the form of arches, which en¬ 
able it to adapt its shape to uneven surfaces. It also 
serves as a resilient spring to absorb shocks, such 
as in jumping. 


THE SOLE OF THE FOOT _ 

Skin 

The skin of the sole of the foot is thick and hairless. 
It is firmly bound down to the underlying deep fas¬ 
cia by numerous fibrous bands. The skin shows a 
few flexure creases at the siter of skin movement. 
Sweat glands are present in large numbers. 

The sensory nerve supply to the skin of the sole 
of the foot is derived from the medial calcaneal 
branch of the tibial nerve, which innervates the 
medial side of the heel; branches from the medial 
plantar nerve , which innervate the medial two- 
thirds of the sole; and branches from the lateral 
plantar nerve, which innervate the lateral third of 
the sole (Figs. 10-9 and 10-47). 


Deep Fascia 

The deep fascia of the sole of the foot is thickened 
to form the flexor retinaculum (described on p. 
620) and the plantar aponeurosis. 

The plantar aponeurosis is triangular in shape 
and occupies the central area of the sole (Fig. 10- 
47). The deep fascia covering the abductors of the 
big and little toes is thinner and weak.* 

The apex of the plantar aponeurosis is attached 
to the medial and lateral tubercles of the calca- 
neum. The base of the aponeurosis divides at the 
bases of the toes into five slips. Each slip divides 
into two bands, one passing superficially to the 
skin and the other passing deeply to the root of the 
toe; here, each deep band divides into two, which 
diverge around the flexor tendons and finally fuse 
with the fibrous flexor sheath and the deep trans¬ 
verse ligaments (Fig. 10-47). 

The medial and lateral borders of the thick apo¬ 
neurosis are continuous with the thinner deep fas¬ 
cia covering the abductors of the big and little toes. 
From each of these borders, fibrous septa pass su¬ 
periorly into the sole and take part in the formation 
of the fascial spaces of the sole. 

The function of the plantar aponeurosis is to give 
firm attachment to the overlying skin, to protect 
the underlying vessels, nerves, and tendons and 
their synovial sheaths, and to assist in maintaining 
the arches of the foot. Compare the plantar apo¬ 
neurosis with the palmar aponeurosis (see p. 488). 


Muscles of the Sole of the Foot 

For descriptive purposes these are conveniently di¬ 
vided into four layers. 

First Layer Abductor hallucis 

Flexor digitorum brevis 
Abductor digiti minimi 
Second Layer Quadratus plantae (flexor 

digitorum accessorius) 
Lumbricals 

Flexor digitorum longus tendon 
Flexor hallucis longus tendon 

*Manv authorities describe the plantar aponeurosis as cover¬ 
ing the whole sole and divide it into a thick central part and 
weak medial and lateral parts. 
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digital branches of medial plantar nerve 


digital branches 
of lateral plantar nerve 


decussating fibers of 
flexor digitorum brevis 


branches of lateral 
plantar nerve 


branches of sural nerve 


plantar aponeurosis 



fibrous flexor sheath 

tendon of flexor 

digitorum longus 
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Fig, 10-47. Plantar aponeurosis and cutaneous 
nerves of sole of right foot. 
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Third Layer Flexor hallucis brevis 

Adductor hallucis 
Flexor digiti minimi brevis 
Fourth Layer Interossei 

Peroneus longus tendon 
Tibialis posterior tendon 


First Layer of Muscles 
ABDUCTOR HALLUCIS (FIG. 10-48) 

Origin 

From the medial tubercle of the calcaneum and the 
lower edge of the flexor retinaculum. 


Insertion 

The tendon is attached to the medial side of the 
base of the proximal phalanx of the big toe, to¬ 
gether with the medial tendon of flexor hallucis 
brevis. 


Nerve Supply 
Medial plantar nerve. 


Action 

Flexes and abducts the big toe when the foot is not 
weight-bearing. When the foot is weight-bearing it 
braces the medial longitudinal arch of the foot and 
assists in its support. 


FLEXOR DIGITORUM BREVIS 
(FIG. 10-48) 

Origin 

From the medial tubercle of the calcaneum. 


Insertion 

The muscle gives rise to four tendons that pass to 
the four lateral toes. Each tendon divides into two 
slips, to allow the passage of the corresponding 
tendon of the flexor digitorum longus. The two 
slips then unite and partially decussate; then the 
tendon divides again and is inserted into the bor¬ 
ders of the middle phalanx. Compare with the in¬ 
sertion of the flexor digitorum superficialis in the 
fingers. 


Nerve Supply 
Medial plantar nerve. 


Action 

Flexes the lateral four toes when the foot is not 
weight-bearing. When the foot is weight-bearing, it 
braces the medial and lateral longitudinal arches 
of the foot and assists in their support. 

ABDUCTOR DIGITI MINIMI (FIG. 10-48) 
Origin 

From the medial and lateral tubercles of the cal¬ 
caneum. 


Insertion 

Into the lateral side of the base of the proximal 
phalanx of the fifth toe with the tendon of the 
flexor digiti minimi brevis. 


Nerve Supply 
Lateral plantar nerve. 


Action 

Flexes and abducts the fifth toe when the foot is 
not weight-bearing. When the foot is weight-bear¬ 
ing, it braces the lateral longitudinal arch of the 
foot and assists in its support. 


Second Layer of Muscles 

QUADRATUS PLANTAE (FLEXOR 
DIGITORUM ACCESSORIUS) (FIG. 10-49) 

Origin 

By two heads from the medial and lateral sides of 
the calcaneum. 


Insertion 

Into the posterolateral margin of the tendon of 
flexor digitorum longus. 
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decussating fibers of flexor digitorum brevis 


digital nerves and arteries 


lateral plantar artery 


lateral plantar nerve 


abductor digiti minimi 


flexor digitorum brevis 


plantar aponeurosis 



medial plantar artery 
medial plantar nerve 

abductor hallucis 

flexor retinaculum 

medial calcaneal nerve 


Fig. 10-48. Plantar muscles of right foot, first layer. 
Medial and lateral plantar arteries and nerves are 
also shown. 
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third lumbrical 
fourth lumbrical 

digital nerve 
plantar arch 


deep branch of 

lateral plantar nerve 


lateral plantar nerve 


lateral plantar artery 



first lumbrical 
second lumbrical 


digital nerves 


AVI 

“-flexor hallucis longus 


medial plantar nerve 
flexor digitorum longus 


medial plantar artery 


quadratus plantae 


Fig. 10-49. Plantar muscles of right foot, second 
layer. Medial and lateral plantar arteries and 
nerves are also shown. 
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Nerve Supply 

Lateral plantar nerve. 


Action 

It pulls the tendon of flexor digitorum longus di¬ 
rectly posteriorly and thus aids this muscle in flex¬ 
ing the lateral four toes. It is also able to act alone 
and flex these toes, using the tendon of flexor dig¬ 
itorum longus when the belly of this muscle is re¬ 
laxed. 


LUMBRICALS (FIG. 10-49) _ 

Origin 

The four lumbricals arise from the tendons of the 
flexor digitorum longus. 


Insertion 

Each is inserted into the medial side of the dorsal 
expansion of the corresponding tendon of extensor 
digitorum longus; they are also attached to the 
bases of the proximal phalanges of the lateral four 
toes. 


Nerve Supply 

The first lumbrical (i.e., the most medial) is sup¬ 
plied by the medial plantar nerve and the remain¬ 
der are supplied by the deep branch of the lateral 
plantar nerve. 


Action 

To prevent the lateral four toes from buckling un¬ 
der during walking or running. This is accom¬ 
plished by extending the toes at the interphalangeal 
joints when the flexor digitorum longus tendons 
are flexing the toes. 


FLEXOR DIGITORUM LONGUS TENDON 
(FIG. 10-49)__ 

The flexor digitorum longus tendon enters the sole 
by passing behind the medial malleolus beneath 
the flexor retinaculum (Fig. 10-43). It passes for¬ 
ward across the medial surface of the sustentacu¬ 


lum tali and then crosses the tendon of flexor hal- 
lucis longus, from which it receives a strong slip. It 
is here that it receives on its lateral border the in¬ 
sertion of the quadratus plantae muscle. The ten¬ 
don now divides into its four tendons of insertion, 
which pass forward, giving origin to the lumbrical 
muscles. The tendons then enter the fibrous 
sheaths of the lateral four toes (Fig. 10-47). Each 
tendon perforates the corresponding tendon of 
flexor digitorum brevis and passes on to be inserted 
into the base of the distal phalanx. It should be 
noted that the method of insertion is similar to that 
found for the flexor digitorum profundus in the 
hand. (See p. 490.) 


FLEXOR HALLUCIS LONGUS TENDON 
(FIG. 10-49) 

The flexor hallucis longus tendon enters the sole by 
passing behind the medial malleolus beneath the 
flexor retinaculum. It runs forward below the sus¬ 
tentaculum tali and crosses deep to the flexor dig¬ 
itorum longus tendon, to which it gives a strong 
slip. It then enters the fibrous sheath of the big toe 
and is inserted into the base of the distal phalanx. 


Fibrous Flexor Sheaths 

The inferior surface of each toe, from the head of 
the metatarsal bone to the base of the distal pha¬ 
lanx, is provided with a strong fibrous sheath, 
which is attached to the sides of the phalanges (Fig. 
10-47). The arrangement is similar to that found 
in the fingers (see p. 490). The proximal ends of 
the fibrous sheaths of the toes receive the deeper 
parts of the five slips of the plantar aponeurosis. 
The distal end of the sheath is closed and is at¬ 
tached to the base of the distal phalanx. The 
sheath, together with the inferior surfaces of the 
phalanges and the interphalangeal joints, forms a 
blind tunnel in which lie the flexor tendons of the 
toe (Fig. 10-50). 

In the big toe, the osteofibrous tunnel contains 
the tendon of the flexor hallucis longus (Fig. 10- 
50). In the case of the four lateral toes, the tunnel 
is occupied by the tendons of the flexor digitorum 
brevis and longus. The fibrous sheath is thick over 
the phalanges, but thin and lax over the joints. 
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fibrous flexor sheath of second toe 



Fig. 10-50. Synovial sheaths of tendons seen on sole 
of right foot. 
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Synovial Flexor Sheaths 

The tendon of the flexor hallucis longus is sur¬ 
rounded by a synovial sheath, which extends up¬ 
ward behind the medial malleolus for a short dis¬ 
tance above the flexor retinaculum (Fig. 10-43). 
Distally, the sheath extends as far as the base of the 
first metatarsal bone (Fig. 10-50). As the tendon 
enters the fibrous flexor sheath, it acquires a digital 
synovial sheath, which surrounds the tendon as far 
as its insertion (Fig. 10-50). 

The tendon of the flexor digitorum longus is also 
surrounded by a synovial sheath, which extends 
upward behind the medial malleolus for a short 
distance above the flexor retinaculum (Fig. 10-43). 
Distally, the sheath extends as far as the navicular 
bone (Fig. 10-50). As each of the four tendons en¬ 
ters the fibrous flexor sheath of the lateral four 
toes, it acquires a digital synovial sheath, which 
surrounds the tendon as far as its insertion (Fig. 10- 
50). 


Third Layer of Muscles 

FLEXOR HALLUCIS BREVIS (FIG. 10-51) 

Origin 

From the cuboid and lateral cuneiform bones and 
from the tendinous extensions derived from the tib¬ 
ialis posterior insertion. 


Insertion __ 

The muscle splits into two bellies. The tendon of 
the medial belly joins that of the abductor hallucis 
and is attached to the medial side of the base of the 
proximal phalanx of the big toe. The tendon of the 
lateral belly joins that of the adductor hallucis and 
is attached to the lateral side of the base of the 
same bone. A sesamoid bone is present in each 
common tendon. 


Nerve Supply 
Medial plantar nerve. 


Action 

Flexion of the metatarsophalangeal joint of the big 
toe. It helps to support the medial longitudinal 
arch of the foot. 


ADDUCTOR HALLUCIS (FIG. 10-51) 

Origin 

Oblique head from the bases of the second, third, 
and fourth metatarsal bones; transverse head from 
the plantar ligaments of the metatarsophalangeal 
joints of the third, fourth, and fifth toes. 


Insertion 

The combined tendons join the lateral tendon of 
the flexor hallucis brevis and are inserted into the 
lateral side of the base of the proximal phalanx of 
the big toe. 


Nerve Supply 

Deep branch of the lateral plantar nerve. 


Action 

The oblique head assists the flexor hallucis brevis 
in the flexion of the metatarsophalangeal joint of 
the big toe. The transverse head holds together the 
heads of the metatarsal bones and assists in the 
stabilization of the forepart of the foot. It thus 
helps to support the transverse arch of the foot. 


FLEXOR DIGITI MINIMI BREVIS 
(FIG. 10-51) _ 

Origin 

From the base of the fifth metatarsal bone. 


Insertion 

Into the lateral side of the base of the proximal 
phalanx of the little toe. 


Nerve Supply 


Superficial branch of the lateral plantar nerve. 
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Fig, 10-51, Plantar muscles of right foot, third layer. 
Deep branch of lateral plantar nerve and plantar 
arterial arch are also shown. 
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Action 

Flexion of the metatarsophalangeal joint of the lit¬ 
tle toe. 


Fourth Layer of Muscles 
THE INTEROSSEI 

There are seven interossei in the foot (eight in the 
hand), consisting of four dorsal and three plantar 
muscles. They occupy the spaces between the 
metatarsal bones. The dorsal muscles arise by two 
heads and are larger than the plantar muscles, 
which only have one head. 


Plantar Interossei (Fig. 10-52) 

Origin 

The three muscles arise from the inferior surfaces 
of the third, fourth, and fifth metatarsal bones. 


Insertion 

Into the medial side of the bases of the proximal 
phalanges and the dorsal expansion of the corre¬ 
sponding toes. 


Nerve Supply 

Lateral plantar nerve. 


Action 

Adduct the toes toward the center of the second toe 
at the metatarsophalangeal joints; flex the meta¬ 
tarsophalangeal joints and extend the interphalan- 
geal joints. 

Dorsal Interossei (Figs. 10-52 and 10-53) 

Origin _ 

The four muscles arise from the adjacent sides of 
the metatarsal bones. 


Insertion 

The bases of the proximal phalanges; the first is 
inserted into the medial side of the second toe, and 


the three others are inserted into the lateral sides 
of the second, third, and fourth toes, respectively. 
They are also inserted into the dorsal expansion of 
the corresponding toes. 


Nerve Supply 

Lateral plantar nerve. 


Action 

Abduct the toes away from the center of the second 
toe at the metatarsophalangeal joints; flex the 
metatarsophalangeal joints and extend the inter- 
phalangeal joints. Since each muscle arises from 
two metatarsal bones, it serves to bind together the 
metatarsals and stabilize the forepart of the foot. 


PERONEUS LONGUS TENDON 
(FIG. 10-52) 

The peroneus longus tendon enters the foot from 
behind the lateral malleolus. It passes beneath the 
superior and inferior peroneal retinacula and lies 
below the peroneal tubercle on the lateral side of 
the calcaneum. On reaching the cuboid bone, the 
tendon winds around its lateral margin and enters 
a groove on its inferior aspect. The tendon is held 
in place by a strong fibrous band, derived from the 
long plantar ligament. The tendon runs obliquely 
across the sole and is inserted into the base of the 
first metatarsal bone and the adjacent part of the 
medial cuneiform. 

The tendon is surrounded by a synovial sheath as 
it passes beneath the peroneal retinacula. As the 
tendon winds around the lateral margin of the cu¬ 
boid, it is thickened and contains a sesamoid car¬ 
tilage. A second synovial sheath surrounds the ten¬ 
don as it crosses the sole. 

The action of the peroneus longus muscle is de¬ 
scribed on page 625. 


TIBIALIS POSTERIOR TENDON 

(FIG. 10-52)_ 

The tibialis posterior tendon enters the foot from 
behind the medial malleolus. It passes beneath the 
flexor retinaculum and runs downward and for¬ 
ward above the sustentaculum tali, to be inserted 
mainly into the tuberosity of the navicular. Small 
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third dorsal interosseous 


plantar ligaments of 
metatarsophalangeal joints 


deep transverse ligaments 
fourth dorsal interosseous 

third plantar interosseous 

metatarsal arteri 

plantar arch 

deep branch of 

lateral plantar nerve 


peroneus longus 


short plantar ligament 


long plantar ligament 



sesamoid bones 

first dorsal interosseous 
second dorsal interosseous 

first plantar interosseous 

second plantar interosseous 
first plantar metatarsal artery 

dorsalis pedis artery 


tibialis posterior 


Fig. 10-52. Plantar muscles of right foot, fourth 
layer. Deep branch of lateral plantar nerve and 
plantar arterial arch are also shoivna. Note deep 
transverse ligaments. 
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superior extensor retinaculum 

perforating branch of peroneal artery 

lateral malleolus 

inferior extensor retinaculum 
extensor digitorum brevis 
peroneus brevis 
peroneus tertius 

extensor digitorum brevis tendons 
extensor digitorum longus tendons 

fourth dorsal interosseous 


third dorsal interosseous 


Fig. 10-53. Structures present on dorsal aspect of 
right foot. 



anterior tibial artery 

medial malleolus 
tibialis anterior 


lateral tarsal artery 
arcuate artery 

dorsalis pedis artery 
extensor hallucis longus 


first dorsal metatarsal artery 


medial terminal branch 
of deep peroneal nerve 


first dorsal interosseous 
second dorsal interosseous 

extensor expansion 
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tendinous slips pass to the cuboid and the cunei¬ 
forms and to the bases of the second, third, and 
fourth metatarsals. 

The tendon is surrounded by a synovial sheath as 
it passes beneath the flexor retinaculum; the sheath 
ends below, just proximal to the tuberosity of the 
navicular bone. 

The action of the tibialis posterior muscle is de¬ 
scribed on page 632. 


Muscles of the Sole of the Foot—Their 
Nerve Supply and Action 

Students wishing to review the small muscles of the 
sole of the foot should study Table 10-8. 


Arteries of the Sole of the Foot 

MEDIAL PLANTAR ARTERY 

The medial plantar artery is the smaller of the ter¬ 
minal branches of the posterior tibial artery. (See 
p. 634.) It arises beneath the flexor retinaculum 
and passes forward deep to the abductor hallucis 
muscle and medial to the medial plantar nerve 
(Fig. 10-43). It ends by supplying the medial side 
of the big toe (Fig. 10-48). During its course it gives 
off numerous muscular, cutaneous, and articular 
branches. 


LATERAL PLANTAR ARTERY 

The lateral plantar artery is the larger of the ter¬ 
minal branches of the posterior tibial artery. (See 
p. 634.) It arises beneath the flexor retinaculum 
and passes forward deep to the abductor hallucis 
and the flexor digitorum brevis, in company with 
the lateral plantar nerve, which lies on its medial 
side (Figs. 10-43, 10-48, and 10-49). On reaching 
the base of the fifth metatarsal bone, the artery 
curves medially to form the plantar arch (Fig.10- 
51) and at the proximal end of the first inter¬ 
metatarsal space, joins the dorsalis pedis artery 
(Fig. 10-52). During its course, it gives off numer¬ 
ous muscular, cutaneous, and articular branches. 
The plantar arch gives off plantar digital arteries 
to the adjacent sides of the lateral four toes and the 
lateral side of the little toe. 


DORSALIS PEDIS ARTERY (THE DORSAL 
ARTERY OF THE FOOT) 

On entering the sole between the two heads of the , 
first dorsal interosseous muscle, the dorsalis pedis 
artery immediately joins the lateral plantar artery 
(Fig.'10-52). 


Branches 

The first plantar metatarsal artery, which supplies 
the cleft between the big and second toes. 


Veins of the Sole of the Foot 

Medial and lateral plantar veins accompany the 
corresponding arteries, and they unite behind the 
medial malleolus to form the posterior tibial venae 
comitantes. 


Nerves of the Sole of the Foot 

MEDIAL PLANTAR NERVE 

The medial plantar nerve is a terminal branch of 
the tibial nerve. (See p. 634.) It arises beneath the 
flexor retinaculum (Fig. 10-43) and runs forward 
deep to the abductor hallucis, with the medial 
plantar artery on its medial side (Fig. 10-48). It 
comes to lie in the interval between the abductor 
hallucis and the flexor digitorum brevis. 


Branches 

1. Muscular branches to the abductor hallucis, the 
flexor digitorum brevis, the flexor hallucis 
brevis, and the first lumbrical muscle. 

2. Cutaneous branches. Plantar digital nerves run 
to the sides of the medial three and one-half toes 
(Fig. 10-47). The nerves extend onto the dorsum 
and supply the nail beds and the tips of the toes. 

Compare with the distribution of the median 
nerve in the palm of the hand. 


LATERAL PLANTAR NERVE 

The lateral plantar nerve is a terminal branch of 
the tibial nerve. (See p. 634.) It arises beneath the 
flexor retinaculum (Fig. 10-43) and runs forward 
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Table 10-8. Muscles of the Lower Limb—Muscles of the Sole of the Foot 


Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

FIRST LAYER 





Abductor hallucis 

Medial tuberositv of 

Base of proximal 

Medial plantar 

Flexes and abducts 


calcaneum and 
flexor 

retinaculum 

phalanx of big toe 

nerve 

big toe; braces 
medial 

longitudinal arch 

Flexor digitorum 

Medial tuberosity of 

Four tendons to four 

Medial plantar 

Flexes lateral four 

brevis 

calcaneum 

lateral toes— 
inserted into 
borders of middle 
phalanx; tendons 
perforated bv 
those of flexor 
digitorum longus 

nerve 

toes; braces 
medial and 
lateral 
longitudinal 
arches 

Abductor digiti 

Medial and lateral 

Base of proximal 

Lateral plantar 

Flexes and abducts 

minimi 

tuberosities of 
calcaneum 

phalanx of fifth 
toe 

nerve 

fifth toe; braces 
lateral 

longitudinal arch 

SECOND LAYER 

Quadrat us plantae 

Medial and lateral 

Tendon of flexor 

Lateral plantar 

Assists flexor 

sides of 
calcaneum 

digitorum longus 

nerve 

digitorum longus 

O O 

in flexing lateral 
four toes 

Lumbricals (4) 

Tendons of flexor 

Dorsal extensor 

First lumbrical 

Extends toes at 

Flexor digitorum 

digitorum longus 

See Table 10-7 

expansion; bases 
of proximal 
phalanges of 
lateral four toes 

medial plantar 
nerve; remainder 
lateral plantar 
nerve 

interphalangeal 

joints 

longus tendon 

Flexor hallucis 

See Table 10-7 




longus tendon 

THIRD LAYER 

Flexor hallucis 

Cuboid, lateral 

Medial tendon into 

Medial plantar 

Flexes metatarso¬ 

brevis 

cuneiform, 
tibialis posterior 
insertion 

medial side of 
base of proximal 
phalanx of big 
toe; lateral 
tendon into 
lateral side of 
base of proximal 
phalanx of big toe 

nerve 

phalangeal joint 
of big toe; 
supports medial 
longitudinal arch 

Adductor hallucis 

Oblique head bases 

Lateral side base 

Deep branch lateral 

Flexes metatarso¬ 

of second, third, 
and fourth 
metatarsal bones; 
transverse head 
plantar ligaments 

proximal phalanx 
of big toe 

plantar nerve 

phalangeal joint 
of big toe; holds 
together 

metatarsal bones 
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Table 10-8. (continued) 




Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Flexor digiti minimi 

Base of fifth 

Lateral side base 

Lateral plantar 

Flexes metatarso¬ 

brevis 

FOURTH LAYER 

metatarsal bone 

proximal phalanx 
of little toe 

nerve 

phalangeal joint 
of little toe 

Interossei 

Dorsal (4) 

Adjacent sides of 

Bases of proximal 

Lateral plantar 

Abduction of toes; 


metatarsal bones 

phalanges—first 
medial side 
second toe; 
remainder lateral 
sides second, 
third, and fourth 
toes—also dorsal 
extensor 
expansion 

nerve 

flexes metatarso¬ 
phalangeal joints 
and extends 
interphalangeal 
joints 

Plantar (3) 

Inferior surfaces of 

Medial side of bases 

Lateral plantar 

Adduction of toes; 

Peroneus longus 
tendon 

Tibialis posterior 
tendon 

third, fourth, and 
fifth metatarsal 
bones 

See Table 10-6 

See Table 10-7 

of proximal 
phalanges of 
lateral three toes 

nerve 

flexes metatarso¬ 
phalangeal joints 
and extends 
interphalangeal 
joints 


deep to the abductor hallucis and the flexor digi- 
torum brevis, in company with the lateral plantar 
artery, which lies on its lateral side (Fig. 10-49). On 
reaching the base of the fifth metatarsal bone, it 
divides into superficial and deep branches (Fig. 10- 
49). 


Branches 

1. From the main trunk to the quadratus plantae 
and abductor digiti minimi; cutaneous branches 
to the skin of the lateral part of the sole. 

2. From the superficial terminal branch to the 
flexor digiti minimi and the interosseous mus¬ 
cles of the fourth intermetatarsal space. Plantar 
digital branches pass to the sides of the lateral 
one and one-half toes. The nerves extend onto 
the dorsum and supply the nail beds and tips of 
the toes. 

3. From the deep terminal branch (Fig. 10-52). This 


branch curves medially with the lateral plantar 
artery and supplies the adductor hallucis, the 
second, third, and fourth lumbricals, and all the 
interossei, except those in the fourth intermeta¬ 
tarsal space. (See superficial branch above.) 

Compare with the distribution of the ulnar nerve 
in the palm of the hand. 

THE DORSUM OF THE FOOT _ 

Skin 

The skin on the dorsum of the foot is thin, hairy, 
and freely mobile on the underlying tendons and 
bones. 

The sensory nerve supply (Fig. 10-8) to the skin 
on the dorsum of the foot is derived from the su¬ 
perficial peroneal nerve, assisted by the deep pe¬ 
roneal, saphenous, and sural nerves. 

The superficial peroneal netve emerges from be- 
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tween the peroneus brevis and the extensor digito- 
rum longus muscle in the lower part of the leg and 
pierces the deep fascia. (See p. 627.) It now divides 
into medial and lateral cutaneous branches. The 
medial branch supplies the skin on the dorsum of 
the foot, the medial side of the big toe, and the 
adjacent sides of the second and third toes. The lat¬ 
eral branch also supplies the skin on the dorsum of 
the foot and the adjacent sides of the third, fourth, 
and fifth toes. 

The deep peroneal nerve supplies the skin of the 
adjacent sides of the big and second toes (Fig. 10- 
8 ). 

The saphenous nerve passes onto the dorsum of 
the foot in front of the medial malleolus (Fig. 10- 
8). It supplies the skin along the medial side of the 
foot as far forward as the head of the first meta¬ 
tarsal bone. 

The sural nerve (Fig. 10-9) enters the foot behind 
the lateral malleolus and supplies the skin along 
the lateral margin of the foot and the lateral side 
of the little toe. 

The nail beds and the skin covering the dorsal 
surfaces of the terminal phalanges are supplied by 
the medial and lateral plantar nerves. (See p. 648.) 

Dorsal Venous Arch (or Network) 

The dorsal venous arch lies in the subcutaneous tis¬ 
sue over the heads of the metatarsal bones and 
drains on the medial side into the great saphenous 
vein, and on the lateral side into the small saphe¬ 
nous vein (Fig. 10-18). The great saphenous vein 
leaves the dorsum of the foot by ascending into the 
leg in front of the medial malleolus. Its further 
course is described on page 577. The small saphe¬ 
nous vein ascends into the leg behind the lateral 
malleolus. Its course in the back of the leg is de¬ 
scribed on page 627. The greater part of the blood 
from the whole foot drains into the arch via digital 
veins and communicating veins from the sole, 
which pass through the interosseous spaces. 


EXTENSOR DIGITORUM BREVIS 

(FIG. 10-53) __ 

Origin___ 

From the anterior part of the upper surface of the 
calcaneum and from the inferior extensor retinac¬ 
ulum. 


Insertion 

The muscle gives rise to four tendons that pass 
forward and medially. The most medial tendon 
(sometimes called tendon of extensor hallucis 
brevis ) is inserted into the base of the proximal 
phalanx of the big toe. The lateral three tendons 
join the long extensor tendons passing to the sec¬ 
ond, third, and fourth toes. 


Nerve Supply 

Terminal part of the deep peroneal nerve. 


Action 

Extends the first, second, third, and fourth toes 
at the interphalangeal and metatarsophalangeal 
joints. It is used particularly when the ankle joint is 
dorsiflexed and the extensor digitorum longus is 
unable to act. 


THE INSERTION OF THE LONG 
EXTENSOR TENDONS 

The tendon of extensor digitorum longus passes 
beneath the superior extensor retinaculum and 
through the inferior extensor retinaculum, in com¬ 
pany with the peroneus tertius muscle (Fig. 10-53). 
The tendon divides into four, which fan out over 
the dorsum of the foot and pass to the lateral four 
toes. Opposite the metatarsophalangeal joints of 
the second, third, and fourth toes, each tendon is 
joined on its lateral side by a tendon of extensor 
digitorum brevis (Fig. 10-53). 

On the dorsal surface of each toe, the extensor 
tendon joins the fascial expansion called the exten¬ 
sor expansion. Near the proximal interphalangeal 
joint, the extensor expansion splits into three parts: 
a central part, which is inserted into the base of 
the middle phalanx, and two lateral parts, which 
converge to be inserted into the base of the distal 
phalanx (Fig. 10-53). 

The dorsal expansion, as in the fingers, receives 
the tendons of insertion of the interosseous and 
lumbrical muscles. 
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Synovial Sheath of the Tendon of Extensor 
Digitorum Longus 

The extensor digitorum longus and peroneus ter- 
tius tendons are surrounded by a common synovial 
sheath as they pass beneath the extensor retinacula 
(Fig. 10-53). The sheath extends proximally for a 
short distance above the malleoli and distally to the 
level of the base of the fifth metatarsal bone. 


DORSALIS PEDIS ARTERY 

(THE DORSAL ARTERY OF THE FOOT) 

The dorsalis pedis artery begins in front of the an¬ 
kle joint as a continuation of the anterior tibial ar¬ 
tery. (See p. 622.) It terminates by passing down¬ 
ward into the sole between the two heads of the 
first dorsal interosseous muscles, where it joins the 
lateral plantar artery and completes the plantar 
arch (Fig. 10-52). It is superficial in position and is 
crossed bv the inferior extensor retinaculum and 
the first tendon of extensor digitorum brevis (Fig. 
10-53). On its lateral side lie the terminal part of 
the deep peroneal nerve and the extensor digitorum 
longus tendons. On the medial side lies the tendon 
of extensor hallucis longus (Fig. 10-53). Its pulsa¬ 
tions can easily be felt. 


Branches 

1. Lateral tarsal artery, which crosses the dorsum 
of the foot just below the ankle joint (Fig. 10-53). 

2. Arcuate artery, which runs laterally under the ex¬ 
tensor tendons opposite the bases of the meta¬ 
tarsal bones (Fig. 10-53). It gives off metatarsal 
branches to the toes. 

3. First dorsal metatarsal artery, which supplies 
both sides of the big toe (Fig. 10-53). 


DEEP PERONEAL NERVE 

The deep peroneal nerve enters the dorsum of the 
foot by passing deep to the extensor retinacula on 
the lateral side of the dorsalis pedis artery. (See p. 
623.) It divides into terminal, medial, and lateral 
branches. The medial branch supplies the skin of 
the adjacent sides of the big and second toes (Fig. 
10-53). The lateral branch supplies the extensor 
digitorum brevis muscle. Both terminal branches 
give articular branches to the joints of the foot. 


Joints of the Lower Limb 

The hip joint is fully described on page 600. 


KNEE JOINT 

The knee joint is the largest and most complicated 
joint in the body. Basically, it consists of two con¬ 
dylar joints between the medial and lateral con¬ 
dyles of the femur and the corresponding condyles 
of the tibia, and a glidingjoint, between the patella 
and the patellar surface of the femur. Note that the 
fibula is not directly involved in the joint. 


Articulation 

Above are the rounded condyles of the femur; be¬ 
low are the condyles of the tibia and their semilu¬ 
nar cartilages (Fig. 10-54); in front is the articula¬ 
tion between the lower end of the femur and the 
patella. 

The articular surfaces of the femur, tibia, and 
patella are covered with hyaline cartilage. Note 
that the articular surfaces of the medial and lateral 
condyles of the tibia are often referred to clinically 
as the medial and lateral tibial plateaus. 


Type 

The joint between the femur and tibia is a synovial 
joint of the hinge variety, but some degree of rota¬ 
tory movement is possible. The joint between the 
patella and femur is a synovial joint of the plane 
gliding variety. 


Capsule 

This is attached to the margins of the articular sur¬ 
faces and surrounds the sides and posterior aspect 
of the joint. On the front of the joint, the capsule 
is absent, permitting the synovial membrane to 
pouch upward beneath the quadriceps tendon, 
forming the suprapatellar bursa (Fig. 10-54). On 
each side of the patella, the capsule is strengthened 
by expansions from the tendons of vastus lateralis 
and medialis. Behind the joint the capsule is 
strengthened by an expansion of the semimem- 
branous muscle called the oblique popliteal liga¬ 
ment (Fig. 10-54). There is an opening in the 
capsule behind the lateral tibial condyle, which 
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Fig. 10-54. Right knee joint as seen from (A) lateral 
aspect, (B) anterior aspect, with joint flexed, and 
(C and D) posterior aspect. 
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permits the tendon of the popliteus to emerge (Fig. 
10-54). 


Extracapsular Ligaments 

The ligamentum patellae is attached above to the 
lower border of the patella and below to the tuber¬ 
cle of the tibia (Fig. 10-54). It is, in fact, a contin¬ 
uation of the central portion of the common ten¬ 
don of the quadriceps femoris muscle. It is 
separated from the synovial membrane of the joint 
by the infrapatellar pad of fat and from the tibia 
by a small bursa (Figs. 10-54 and 10-55). The su¬ 
perficial infrapatellar bursa separates the ligament 
from the skin (Fig. 10-54). 

The lateral collateral ligament is cordlike and is 
attached above to the lateral condyle of the femur 
and below to the head of the fibula (Fig. 10-54). 
The tendon of the popliteus muscle intervenes be¬ 
tween the ligament and the lateral semilunar car¬ 
tilage (Fig. 10-55). 

The medial collateral ligament is a broad, flat 
band and is attached above to the medial condyle 
of the femur and below to the medial surface of 
the shaft of the tibia (Fig. 10-54). It is firmly at¬ 
tached to the ed&e of the medial semilunar cartilage 
(Fig. 10-55). 

The oblique popliteal ligament is a tendinous ex¬ 
pansion derived from the semimembranosus mus¬ 
cle. It strengthens the posterior aspect of the cap¬ 
sule (Fig. 10-54). 


Intracapsular Ligaments 

The cruciate ligaments are two very strong intra¬ 
capsular ligaments, which cross each other within 
the joint cavity (Fig. 10-54). They are named ante¬ 
rior and posterior, according to their tibial attach¬ 
ments (Fig. 10-55). These important ligaments are 
the main bond between the femur and the tibia. 


Anterior Cruciate Ligament 

This is attached to the anterior intercondylar area 
of the tibia and passes upward, backward, and lat¬ 
erally, to be attached to the posterior part of the 
medial surface of the lateral femoral condyle (Figs. 
10-54 and 10-55). It is slack when the knee is 


flexed, but taut when the knee is fully extended. 
The anterior cruciate ligament prevents posterior 
displacement of the femur on the tibia. With the 
knee joint flexed, the anterior cruciate ligament 
prevents the tibia from being pulled anteriorly. 


Posterior Cruciate Ligament 

This is attached to the posterior intercondylar area 
of the tibia and passes upward, forward, and me¬ 
dially, to be attached to the anterior part of the lat¬ 
eral surface of the medial femoral condyle (Figs. 
10-54 and 10-55). The anterior fibers become slack 
when the knee is extended, but become taut in flex¬ 
ion. The posterior fibers are taut in extension. The 
posterior cruciate ligament prevents anterior dis¬ 
placement of the femur on the tibia. With the knee 
joint flexed, the posterior cruciate ligament pre¬ 
vents the tibia from being pulled posteriorly. 


Semilunar Cartilages (Menisci) 

The semilunar cartilages are C-shaped lamellae of 
fibrocartilage, which are triangular in cross sec¬ 
tion. The peripheral border is thick and convex and 
attached to the capsule, and the inner border is 
thin and concave and forms a free edge (Figs. 10- 
54 and 10-55). The upper surfaces are concave and 
are in contact with the femoral condyles. The lower 
surfaces are flat and in contact with the tibial con¬ 
dyles. Their function is to deepen the articular sur¬ 
faces of the tibial condyles to receive the convex 
femoral condyles. 

The medial semilunar cartilage is nearly semicir¬ 
cular and is much broader behind than in front 
(Fig. 10-55). The anterior horn is attached to the 
anterior intercondylar area of the tibia and is con¬ 
nected to the lateral semilunar cartilage by a few 
fibers called the transverse ligament. The posterior 
horn is attached to the posterior intercondylar area 
of the tibia. The peripheral border is attached to 
the capsule and the medial collateral ligament of 
the joint, and because of this attachment the me¬ 
dial semilunar cartilage is relatively fixed. 

The lateral semilunar cartilage is nearly circular 
and is uniformly wide throughout (Fig. 10-55). The 
anterior horn is attached to the anterior intercon¬ 
dylar area, immediately in front of the intercon¬ 
dylar eminence. The posterior horn is attached to 
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Fig. 10-55. Relations of right knee joint. 


the posterior intercondylar area, immediately be¬ 
hind the eminence. A band of fibrous tissue com¬ 
monly leaves the posterior horn and follows the 
posterior cruciate ligament to the medial condyle 
of the femur. The peripheral border of the cartilage 
is separated from the lateral collateral ligament by 
the tendon of the popliteus, a small part of the ten¬ 
don being attached to the cartilage (Fig. 10-54). 
The result of this arrangement is that the lateral 
semilunar cartilage is less fixed in position than the 
medial semilunar cartilage. 


Synovial Membrane 

The synovial membrane lines the capsule and is at¬ 
tached to the margins of the articular surfaces and 
to the peripheral edges of the semilunar cartilages 
(Figs. 10-54 and 10-55). On the front of the joint it 
forms a pouch, which extends up beneath the 
quadriceps femoris muscle for 3 fingerbreadths 
above the patella, forming the suprapatellar bursa . 
This is held in position by the attachment of a 
small portion of the vastus intermedius muscle, 
called the articularis genus muscle (Fig. 10-54). 

At the back of the joint the synovial membrane 
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is prolonged downward on the deep surface of the 
tendon of the popliteus, forming the popliteal 
bursa. A bursa is interposed between the medial 
head of the gastrocnemius and the medial femoral 
condyle and the semimembranosus tendon; this is 
termed the semimembranosus bursa, and it fre¬ 
quently communicates with the synovial cavity of 
the joint. 

The synovial membrane is reflected forward 
from the posterior part of the capsule around the 
front of the cruciate ligaments (Fig. 10-55). As a 
direct result of this, the cruciate ligaments lie be¬ 
hind the synovial cavity; i.e., they are intracapsular 
but extrasynovial. 

The synovial membrane is reflected backward 
from the posterior surface of the ligamentum pa¬ 
tellae (Fig. 10-55). This fold, the infrapatellar fold, 
converges to form a band, which is attached to the 
intercondylar fossa of the femur. The base of the 
synovial fold is filled by the infrapatellar pad of fat; 
the free borders of the fold are termed the alar 
folds (Fig. 10-55). 


BURSAE RELATED TO THE KNEE JOINT 

There are numerous bursae related to the knee 
joint. Four are situated in front of the joint, and slx 
are found behind the joint. They are found wher¬ 
ever skin, muscle, or tendon rubs against bone. 


Anterior Bursae 

1. The suprapatellar bursa lies beneath the quad¬ 
riceps muscle and communicates with the joint 
cavity (Fig. 10-54). It has been described above. 

2. The prepatellar bursa lies in the subcutaneous 
tissue between the skin and the front of the 
lower half of the patellar and the upper part of 
the ligamentum patellae (Figs. 10-54 and 10-55). 

3. The superficial infrapatellar bursa lies in the 
subcutaneous tissue between the skin and the 
front of the lower part of the ligamentum patel¬ 
lae (Fig. 10-54). 

4. The deep irfrapatellar bursa lies between the 
ligamentum patellae and the tibia (Fig. 10-54). 


Posterior Bursae 

1. The popliteal bursa is found in association with 
the tendon of the popliteus and communicates 


with the joint cavity. It has been described on the 1 
preceding page. 

2. The semimembranosus bursa is found related to 
the insertion of the semimembranosus muscle 1 
and frequently communicates with the joint cav¬ 
ity. It has been described previously. 

The remaining four bursae are found related to 

(1) the tendon of insertion of the biceps femoris; 3 

(2) the tendons of the sartorius, gracilis, and sem- < I 
itendinosus muscles as they pass to their insertion y 
on the tibia; (3) beneath the lateral head of origin 
of the gastrocnemius muscle; and (4) beneath the ( 
medial head of origin of the gastrocnemius muscle. 


Nerve Supply of the Knee Joint 

Femoral, obturator, common peroneal, and tibial i 
nerves. * 


Movements of the Knee Joint 

These are flexion, extension, and rotation. 

Flexion is performed by the biceps femoris and 
the semitendinosus and the semimembranosus 
muscles, assisted by the gracilis, sartorius, and the 
popliteus muscles. Flexion is limited by the contact 
of the back of the leg with the thigh. 

Extension is performed by the quadriceps fem¬ 
oris and is limited to begin with by the anterior 
cruciate ligament becoming taut. Further extension 
of the knee is accompanied by medial rotation of 
the femur on the tibia, and the medial and lateral 
collateral ligaments and the oblique popliteal lig¬ 
ament become taut; the posterior fibers of the pos¬ 
terior cruciate ligament also are tightened. It is 
thus seen that as the knee joint assumes the posi¬ 
tion of full extension, or slight hyperextension, the 
medial rotation of the femur results in a twisting 
and tightening of all the major ligaments of the 
joint, and the knee becomes a mechanically rigid 
structure. The rotation of the femur in actual fact ^ 
“screws home ” the femur on the tibia, and the 
semilunar cartilages are compressed like rubber 
cushions between the femoral and tibial condyles. 
The hyperextended knee is said to be in the locked 
position. 

During the initial stages of extension, the 
rounded femoral condyles roll forward, like a 
wheel on the ground, on the upper surfaces of the 
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semilunar cartilages and the tibial condyles. Later, 
when the forward movement of the femur is held 
back by the posterior cruciate ligament, the rolling 
movement of the femoral condyles is converted 
into a spinning motion. As extension progresses, 
the flatter part of the curve of the femoral condyles 
moves inferiorly, and the semilunar cartilages have 
to adapt their shape to the changing contour of the 
femoral condyles. During the final stages of exten¬ 
sion, when the femur undergoes medial rotation, 
the lateral femoral condyle moves forward, forcing 
the lateral semilunar cartilage to move forward 
with it. 

Before flexion of the knee joint can occur, it is 
essential that the major ligaments be untwisted 
and slackened to permit movements between the 
joint surfaces to take place. This unlocking or un¬ 
twisting process is accomplished by the popliteus 
muscle, which laterally rotates the femur on the 
tibia. As the lateral femoral condyle moves back¬ 
ward, the attachment of the popliteus to the lateral 
semilunar cartilage results in that structure being 
pulled backward also. Once again the semilunar 
cartilages have to adapt their shape to the changing 
contour of the femoral condyles. 

When the knee joint is flexed to a right angle, a 
considerable range of rotation is possible. Medial 
rotation is performed by the sartorius, gracilis, and 
semitendinosus muscles, and lateral rotation is 
performed by the biceps femoris. 

In the flexed position, the tibia can also be 
moved passively forward and backward on the fe¬ 
mur to a limited extent; this is possible because the 
major ligaments, especially the cruciate ligaments, 
are slack in this position. 

It is thus seen that the stability of the knee joint 
depends on the tone of the strong muscles acting 
on the joint and the strength of the ligaments. Of 
these factors, the tone of the muscles is the most 
important, and it is the job of the physiotherapist 
to build up the strength of these muscles, especially 
the quadriceps femoris, following injury to the 
knee joint. 


Important Relations of the Kneejoint _ 

Anteriorly _ 

The prepatellar bursa and tendinous expansions 
from the vastus medialis and lateralis (Fig. 10-55). 


Posteriorly 

The popliteal vessels; tibial and common peroneal 
nerves; lymph nodes and the muscles that form the 
boundaries of the popliteal fossa, namely, the semi¬ 
membranosus, the semitendinosus, the biceps fe¬ 
moris, the two heads of the gastrocnemius, and the 
plantaris (Fig. 10-55). 


Medially 

Sartorius, gracilis, and semitendinosus muscles 
(Fig. 10-55). 


Laterally 

Biceps femoris (Fig. 10-55). 


Superior Tibiofibular Joint 

Articulation 

Between the lateral condyle of the tibia and the 
head of the fibula (Fig. 10-54). The articular sur¬ 
faces are flattened and covered by hyaline carti- 
lage. 


T yP e 

Synovial, plane, gliding. 


Capsule 

Surrounds the joint and is attached to the margins 
of the articular surfaces. 


Ligaments 

Anterior and posterior ligaments that strengthen 
the capsule. The interosseous membrane, which 
connects the shafts of the tibia and fibula together, 
also greatly strengthen the joint. 


Synovial Membrane 

This lines the capsule and is attached to the mar¬ 
gins of the articular surfaces. 


Nerve Supply 
Common peroneal nerve. 
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Movements 

A small amount of gliding movement takes place 
during movements at the ankle joint. 


Inferior Tibiofibular Joint 

Articulation 

Between the fibular notch at the lower end of the 
tibia and the lower end of the fibula (Figs. 10-56 
and 10-57). The opposed bony surfaces are rough¬ 
ened. 


T yp e 

Fibrous. 


Capsule 

None. 


Ligaments 

The interosseous ligament is a strong, thick band of 
fibrous tissue that binds the two bones together. 
The interosseous membrane, which connects the 
shafts of the tibia and fibula together, also greatly 
strengthen the joint. 

The anterior and posterior ligaments are flat 
bands of fibrous tissue connecting the two bones 
together in front and behind the interosseous liga¬ 
ment. 

The inferior transverse ligament runs from the 
medial surface of the upper part of the lateral mal¬ 
leolus to the posterior border of the lower end of 
the tibia. 


Nerve Supply 

Deep peroneal and tibial nerves. 


Movements 

A small amount of movement takes place during 
movements at the ankle joint. 


Ankle Joint 

The ankle joint consists of a deep socket formed by 
the lower ends of the tibia and fibula, into which 
is fitted the upper part of the body of the talus. The 
talus is able to move on a transverse axis in a hinge¬ 
like manner. The shape of the bones and the 
strength of the ligaments and the surrounding ten¬ 
dons make this joint strong and stable. 


Articulation 

Between the lower end of the tibia, the two mal¬ 
leoli, and the bpdy of the talus (Figs. 10-56 and 10- 
57). The inferior transverse tibiofibular ligament 
deepens the socket into which the body of the talus 
fits snugly. The articular surfaces are covered with 
hyaline cartilage. 


T yp e 

Synovial, hinge. 


Capsule 

This encloses the joint and is attached to the bones 
near their articular margins. 


Ligaments 

The medial, or deltoid, ligament is very strong and 
is attached by its apex to the tip of the medial mal¬ 
leolus (Fig. 10-56). Below, the deep fibers are at¬ 
tached to the nonarticular area on the medial sur¬ 
face of the body of the talus; the superficial fibers 
are attached to the medial side of the talus, the 
sustentaculum tali, the plantar calcaneonavicular 
ligament, and the tuberosity of the navicular bone. 

The lateral ligament is weaker than the medial 
ligament and consists of three distinct bands. 

1. The anterior talofibular ligament (Fig. 10-56) 
runs from the lateral malleolus to the lateral sur¬ 
face of the talus. 

2. The calcaneofibular ligament (Fig. 10-56) runs 
from the tip of the lateral malleolus downward 
and backward to the lateral surface of the cal- 


caneum. 
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Fig. 10-56. Right ankle joint as seen from (A) me¬ 
dial aspect and (B) lateral aspect. 
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3. The posterior talofibular ligament (Fig. 10-56) 
runs from the lateral malleolus to the posterior 
tubercle of the talus. 


Synovial Membrane 

This lines the capsule and may pass upward for a 
short distance in front of the interosseous ligament 
of the inferior tibiofibular joint. 


Nerve Supply 

Deep peroneal and tibial nerves. 


Movements 

Dorsiflexion (toes pointing upward) and plantar 
flexion (toes pointing downward). The movements 
of inversion and eversion take place at the tarsal 
joints and not at the ankle joint. 

Dorsiflexion is performed by the tibialis anterior, 
extensor hallucis longus, extensor digitorum lon¬ 
gus, and peroneus tertius. It is limited by the ten¬ 
sion of the tendo calcaneus, the posterior fibers of 
the medial ligament, and the calcaneofibular liga¬ 
ment . 

Plantar flexion is performed by the gastrocne¬ 
mius, soleus, plantaris, peroneus longus, peroneus 
brevis, tibialis posterior, flexor digitorum longus, 
and flexor hallucis longus. It is limited by the ten¬ 
sion of the opposing muscles, the anterior fibers of 
the medial ligament, and the anterior talofibular 
ligament. 

Note that during dorsiflexion of the ankle joint, 
the wider anterior part of the articular surface of 
the talus is forced between the medial and lateral 
malleoli, causing them to separate slightly and 
tighten the ligaments of the inferior tibiofibular 
joint. This arrangement greatly increases the sta¬ 
bility of the ankle joint when the foot is in the ini¬ 
tial position for major thrusting movements in 
walking, running, and jumping. 

Note also that when the ankle joint is fully plan¬ 
tar flexed, the ligaments of the inferior tibiofibular 
joint are less taut and small amounts of rotation, 
abduction, and adduction are possible. 


Fig. 10-57. Right ankle joint as seen (A) from poste 
rior aspect and (B) in coronal section. 


Important Relations 
Anteriorly 

The tibialis anterior, the extensor hallucis longus, 
the anterior tibial vessels, the deep peroneal nerve, 
the extensor digitorum longus, the peroneus tertius 
(Fig. 10-46). 


Posteriorly 

The tendo calcaneus and plantaris (Fig. 10-46). 


Posterolaterally (behind the lateral 
malleolus) 

The peroneus longus and brevis (Fig. 10-46). 


Posteromedially (behind the medial 
malleolus) 

The tibialis posterior, the flexor digitorum longus, 
the posterior tibial vessels, the tibial nerve, and the 
flexor hallucis longus (Fig. 10-46). 


Tarsal Joints 

SUBTALAR JOINT 

The subtalar joint is the posterior joint between the 
talus and the calcaneum. 


Articulation 

Between the inferior surface of the body of the talus 
and the facet on the middle of the upper surface of 
the calcaneum (Fig. 10-34). The articular surfaces 
are covered with hyaline cartilage. 


T yp e 

Synovial, of the plane variety. 


Capsule 

Encloses the joint and is attached to the margins of 
the articular areas of the two bones. 
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Ligaments 

Medial and lateral (talocalcaneal) ligaments 
strengthen the capsule. The interosseous (talocal¬ 
caneal) ligament (Fig. 10-57) is veiy strong and is 
the main bond of union between the two bones. It 
is attached above to the sulcus tali and below to 
the sulcus calcanei. 


Synovial Membrane 
This lines the capsule. 


Movements 

The movements are described in the section on the 
calcaneocuboid joint. 


TALOCALCANEONAVICULAR JOINT 

The talocalcaneonavicular joint is the anterior joint 
between the talus and the calcaneum and also in¬ 
volves the navicular bone (Fig. 10-34). 


Articulation 

Between the rounded head of the talus, the upper 
surface of the sustentaculum tali, and the posterior 
concave surface of the navicular bone. The articu¬ 
lar surfaces are covered with hyaline cartilage. 


T yp e 

Synovial. 


Capsule 

Incompletely encloses the joint. 


Ligaments 

The plantar calcaneonavicular ligament is veiy 
strong and runs from the anterior margin of the 
sustentaculum tali to the inferior surface and tu¬ 
berosity of the navicular bone. The superior surface 
of the ligament is covered with fibrocartilage and 
supports the head of the talus. 


Synovial Membrane 
This lines the capsule. 


Movements 

Gliding and rotatory movements are possible. The > 
movements are described in the discussion of the . 
calcaneocuboid joint that follows. 


CALCANEOCUBOID JOINT 
Articulation 

Between the anterior end of the calcaneum and the 
posterior surface of the cuboid (Fig. 10-34). The ar¬ 
ticular surfaces are covered with hyaline cartilage. 


T vpe 

Synovial, plane. 


Capsule 

Encloses the joint. 


Ligaments 

The bifurcated ligament is a strong ligament on the > 
upper surface of the joint (Fig. 10-56). It is Y- ' 
shaped, and the stem is attached to the upper sur¬ 
face of the anterior part of the calcaneum. The lat¬ 
eral limb is attached to the upper surface of the 
cuboid, and the medial limb to the upper surface ■ 
of the navicular bone. 

The long plantar ligament is a strong ligament 
on the lower surface of the joint (Figs. 10-51 and 
10-52). It is attached to the undersurface of the cal¬ 
caneum behind, and to the undersurface of the cu¬ 
boid and the bases of the third, fourth, and fifth ' 
metatarsal bones in front. It bridges over the 
groove for the peroneus longus tendon, converting . 
it into a tunnel. 

The short plantar ligament is a wide, strong lig¬ 
ament that is attached to the anterior tubercle on • 
the undersurface of the calcaneum and to the ad- I 
joining part of the cuboid bone (Fig. 10-52). 
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Synovial Membrane 
This lines the capsule. 


Movements in the Subtalar, 
Talocalcaneonavicular, and 
Calcaneocuboid Joints 

The talocalcaneonavicular and the calcaneocuboid 
joints are together referred to as the midtarsal or 
transverse tarsal joints 

The important movements of inversion and ever¬ 
sion of the foot take place at the subtalar and trans¬ 
verse tarsal joints. Inversion is the movement of the 
foot so that the sole faces medially. Eversion is the 
opposite movement of the foot so that the sole faces 
in the lateral direction. The movement of inversion 
is more extensive than eversion. 

Inversion is performed by the tibialis anterior, 
the extensor hallucis longus, and the medial ten¬ 
dons of extensor digitorum longus; the tibialis pos¬ 
terior also assists. 

Eversion is performed by the peroneus longus, 
peroneus brevis, and peroneus tertius; the lateral 
tendons of the extensor digitorum longus also as¬ 
sist. 


CUNEONAVICULAR JOINT_ 

The cuneonavicular joint is the articulation be¬ 
tween the navicular bone and the three cuneiform 
bones. It is a synovial joint of the gliding variety. 
The capsule is strengthened by dorsal and plantar 
ligaments. The joint cavity is continuous with those 
of the intercuneiform and cuneocuboid joints, and 
also with the cuneometatarsal and intermetatarsal 
joints, between the bases of the second and third, 
and third and fourth, metatarsal bones. 


CUBOIDEONAVICULAR JOINT_ 

The cuboideonavicular joint is usually a fibrous 
joint, with the two bones connected by dorsal, 
plantar, and interosseous ligaments. 


INTERCUNEIFORM AND 
CUNEOCUBOID JOINTS__ 

The intercuneiform and cuneocuboid joints are 
synovial joints of the plane variety. Their joint cav¬ 


ities are continuous with that of the cuneonavicular 
joint. The bones are connected by dorsal, plantar, 
and interosseous ligaments. 


Tarsometatarsal and 
Intermetatarsaljoints 

The tarsometatarsal and intermetatarsaljoints are 
synovial joints of the plane variety. The bones are 
connected by dorsal, plantar, and interosseous lig¬ 
aments. The tarsometatarsal joint of the big toe has 
a separate joint cavity. 


Metatarsophalangeal and 
Interphalangeal Joints 

The metatarsophalangeal and interphalangeal 
joints closely resemble those of the hand. (See pp. 
513 and 514.) The deep transverse ligaments con¬ 
nect the joints of the five toes. 

The movements of abduction and adduction of 
the toes, performed by the interossei muscles, are 
minimal, and take place from the midline of the 
second digit and not the third, as in the hand. 


THE FOOT AS A 

FUNCTIONAL UNIT_ 

The Foot as a Weight-Bearer and 
a Lever 

The foot has two important functions: (1) to sup¬ 
port the body weight and (2) to serve as a lever to 
propel the body forward in walking and running. 
If the foot possessed a single strong bone, instead 
of a series of small bones, it could sustain the body 
weight and serve well as a rigid lever for forward 
propulsion (Fig. 10-58). However, with such an ar¬ 
rangement, the foot could not adapt itself to un¬ 
even surfaces, and the forward propulsive action 
would depend entirely on the activities of the gas¬ 
trocnemius and soleus muscles. Because the lever 
is segmented with multiple joints, the foot is pli¬ 
able and can adapt itself to uneven surfaces. More¬ 
over, the long flexor muscles and the small muscles 
of the foot can exert their action on the bones of 
the forepart of the foot and toes, i.e., the takeoff 
point of the foot, and greatly assist the forward 
propulsive action of the gastrocnemius and soleus 
muscles (Fig. 10-58). 
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gastrocnemius, soleus, 
and plantaris 





Fig. 10-58. The foot as (A) a simple lever and (B) a 

segmented lever. Floor prints of normal foot and 
flat foot are also shown. 
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THE ARCHES OF THE FOOT 

A segmented structure can hold up weight only if 
it is built in the form of an arch. In the foot there 
are three such arches, which are present at birth: 
the medial longitudinal, the lateral longitudinal, 
and the transverse arches (Fig. 10-59). In the young 
child, the foot appears to be flat because of the 
presence of a large amount of subcutaneous fat on 
the sole of the foot at this age. 

If one examines the imprint of a wet foot on the 
floor made with the person in the standing posi¬ 
tion, it will be seen that the heel, the lateral margin 
of the foot, the pad under the metatarsal heads, 
and the pads of the distal phalanges are in contact 
with the ground (Fig. 10-58). The medial margin 
of the foot, from the heel to the first metatarsal 
head, is arched above the ground, due to the im¬ 
portant medial longitudinal arch. The pressure ex¬ 
erted on the ground by the lateral margin of the 
foot is greatest at the heel and the fifth metatarsal 
head and least between these areas, due to the 
presence of the low-lying lateral longitudinal arch. 
The transverse arch involves the bases of the five 
metatarsals, and the cuboid and the cuneiform 
bones. This is, in fact, only half an arch, with its 
base on the lateral border of the foot and its sum¬ 
mit on the foot’s medial border. The foot has been 
likened to a half-dome, so that when the medial 
borders of the two feet are placed together, a com¬ 
plete dome is formed. 

From this description, it can be understood that 
the body weight on standing is distributed through 
a foot via the the heel behind and six points of con¬ 
tact with the ground in front, namely, the two ses¬ 
amoid bones under the head of the first metatarsal 
and the heads of the remaining four metatarsals. 


The Bones of the A rches __ 

An examination of an articulated foot, or a lateral 
X-ray of the foot, will show the bones that form the 
arches. 


Medial Longitudi nal Arch _ 

This consists of the calcaneum, the talus, the na¬ 
vicular bone, the three cuneiform bones, and the 
first three metatarsal bones (Fig. 10-59). 


Lateral Longitudinal Arch 

This consists of the calcaneum, the cuboid, and the 
fourth and fifth metatarsal bones (Fig. 10-59). 


Transverse Arch 

This consists of the bases of the metatarsal bones 
and the cuboid and the three cuneiform bones (Fig. 
10-59). 


Mechanisms of Arch Support 

The examination of the design of any stone bridge 
will reveal the following engineering methods used 
for its support (Fig. 10-60). 

1. The shape of the stones. The most effective way 
of supporting the arch is to make the stones 
wedge-shaped, with the thin edge of the wedge 
lying inferiorly. This applies particularly to the 
important stone that occupies the center of the 
arch and is referred to as the keystone. 

2. The inferior edges of the stones are tied together. 
This is accomplished by interlocking the stones 
or binding their lower edges together with metal 
staples. This method effectively counteracts the 
tendency of the lower edges of the stones to sep¬ 
arate when the arch is weight-bearing. 

3. The use of the tie beams. If the span of the bridge 
is large and the foundations at either end are in¬ 
secure, a tie beam connecting the ends will ef¬ 
fectively prevent separation of the pillars and 
consequent sagging of the arch. 

4. A suspension bridge. Here, the maintenance of 
the arch depends on multiple supports suspend¬ 
ing the arch from a cable above the level of the 
bridge. 

Using the bridge analogy, one can now examine 
the methods used to support the arches of the feet 
(Fig. 10-60). 


Maintenance of the Medial 
Longitudinal Arch 

1. Shape of the bones. The sustentaculum tali holds 
up the talus; the concave proximal surface of the 
navicular bone receives the rounded head of the 
talus; the slight concavity of the proximal sur- 
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peroneus longus 




Fig. 10-60. Different methods by which arches of 
foot may be supported. 
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face of the medial cuneiform bone receives the 
navicular. The rounded head of the talus is the 
“keystone” in the center of the arch (Fig. 10-60). 

2. The inferior edges of the hones are tied together 
by the plantar ligaments, which are larger and 
stronger than the dorsal ligaments. The most 
important ligament is the plantar calcaneona¬ 
vicular ligament (Fig. 10-60). The tendinous ex¬ 
tensions of the insertion of the tibialis posterior 
muscle play an important role in this respect. 

3. Tying the ends of the arch together are the plantar 
aponeurosis, the medial part of the flexor digi- 
torum brevis, the abductor hallucis, the flexor 
hallucis longus, the medial part of the flexor dig- 
itorum longus, and the flexor hallucis brevis 
(Fig. 10-60). 

4. Suspending the arch from above are the tibialis 
anterior and posterior and the medial ligament 
of the ankle joint. 


Maintenance of the Lateral 

Longitudinal Arch 

1. Shape of the bones. Minimal shaping of the distal 
end of the calcaneum and the proximal end of 
the cuboid. The cuboid is the “keystone.” 

2. The inferior edges of the bones are tied together 
by the long and short plantar ligaments and the 
origins of the short muscles from the forepart of 
the foot (Fig. 10-60). 

3. Tying the ends of the arch together are the plantar 
aponeurosis, the abductor digiti minimi, and the 
lateral part of the flexor digitorum longus and 
brevis. 

4. Suspending the arch from above are the peroneus 
longus and the brevis (Fig. 10-60). 


Maintenance of the Transverse Arch 

1. Shape of the bones. The marked wedge-shaping 
of the cuneiform bones and the bases of the 
metatarsal bones (Fig. 10-59). 

2. The inferior edges of the bones are tied together 
by the deep transverse ligaments, the very strong 
plantar ligaments, and the origins of the plantar 
muscles from the forepart of the foot; the dorsal 
interossei and the transverse head of the adduc¬ 
tor hallucis are particularly important in this re¬ 
spect. 


3. Tying the ends of the arch together is the peroneus 
longus tendon. 

4. Suspending the arch from above are the peroneus 
longus tendon and the peroneus brevis. 

It is clear that the arches of the feet are main¬ 
tained by (1) the shape of the bones, (2) strong lig¬ 
aments, and (3) muscle tone. Which of these 
factors is the most important? It has been dem¬ 
onstrated electromyographically by Basmajian and 
Stecko that the tibialis anterior, the peroneus lon¬ 
gus, and the small muscles of the foot play no im¬ 
portant role in the normal static support of the 
arches. They are commonly totally inactive. How¬ 
ever, during walking and running all these muscles 
become very active. Standing immobile for long pe¬ 
riods, especially if the person is overweight, will 
place excessive strain on the bones and ligaments 
of the feet and will result in fallen arches or flat 
feet. Athletes, route-marching soldiers, or nurses 
will be able to sustain their arches provided that 
they receive adequate training to develop their 
muscle tone. 


The Propulsive Action of the Foot 
Standing Immobile 

The body weight is distributed via the heel behind 
and the heads of the metatarsal bones in front (in¬ 
cluding the two sesamoid bones under the head of 
the first metatarsal). 


Walking 

As the body weight is thrown forward, the weight 
is born successively on the lateral margin of the 
foot and the heads of the metatarsal bones. As the 
heel rises, the toes are extended at the metatarso¬ 
phalangeal joints, and the plantar aponeurosis is 
pulled on, thus shortening the tie beams and 
heightening the longitudinal arches. The “slack” in 
the long flexor tendons is taken up, thereby increas¬ 
ing their efficiency. The body is then thrown for¬ 
ward (1) by the actions of the gastrocnemius and 
soleus (and plantaris) on the anlde joint, using the 
foot as a lever and (2) the toes being strongly flexed 
by the long and short flexors of the foot, providing 
the final thrust forward. The lumbricals and inter¬ 
ossei contract and keep the toes extended, so that 
they do not fold under because of the strong action 
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of the flexor digitorum longus. In this action the 
long flexor tendons also assist in plantar flexing the 
ankle joint. 


Running 

When a person runs, the weight is borne on the 
forepart of the foot, and the heel does not touch 
the ground. The forward thrust to the body is pro¬ 
vided by mechanisms (1) and (2) described above. 


RADIOGRAPHIC APPEARANCES 
OF THE LOWER LIMB 

Radiological examination of the lower limb con¬ 
centrates mainly on the bony structures, since most 
of the muscles, tendons, and nerves blend into a 
homogeneous mass. Blood vessels may be visual¬ 
ized by using special contrast media. The radio- 
graphic appearances of the lower limb of the adult 
as seen on routine X-ray examination will be de¬ 
scribed in this section. As in the upper limb, the 
practicing radiologist must be cognizant of the age 
changes that take place in the body and how these 
will influence the radiographic appearances. For 
example, knowing the times at which the primary 
and secondary centers of ossification appear in the 
different bones, and the dates at which they fuse, 
is essential, since without this information an 
epiphyseal line could be mistaken for a fracture. It 
is useful to remember that a person has two lower 
limbs, and that the normal side may serve as a 
baseline for comparison with the potentially ab¬ 
normal side. 


Radiographic Appearances of the 
Hip Region 

The views commonly used are (1) the anteropos¬ 
terior and (2) the lateral view. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position. The film cassette is 
placed behind the hip, and the X-ray tube is posi¬ 
tioned in front of the hip, centered over a point 1 
inch (2.5 cm) below the midpoint of the inguinal 
ligament. The subject is asked to medially rotate 
his hip joint slightly so that his toes touch; this is 
important, so that the full length of the neck of the 
femur is visualized and it is not foreshortened. It 
may be desirable to view the whole pelvis so that 


the two hips may be compared. In this case, the 
entire pelvis must be symmetrical, and the X-ray 
tube must be centered over a point about 1 inch 
(2.5 cm) above the symphysis pubis. 

First, examine the relevant features seen in the 
pelvis (Fig. 10-61). The sacrum and sacroiliac joints 
should be recognized. The iliopectineal line and the 
symphysis pubis are well shown. The boundaries 
of the obturator foramen and the ischial tuberosity 
can be identified. The superior shelving margin of 
the acetabulum can be seen. The articulating sur¬ 
faces of the hip joint are seen to be parallel and 
separated by a narrow space occupied by radio- 
translucent articular cartilage. The head, the neck, 
the greater and lesser trochanters, and the intertro¬ 
chanteric crest of the femur can all be visualized. 
The axial relationships of the hip joint should be 
studied. The inferior margin of the neck of the fe¬ 
mur should form a smooth continuous curve with 
the superior margin of the obturator foramen 
C Shenton’s line). The angle formed by the long axis 
of the neck of the femur with the long axis of the 
shaft of the femur measures between 120 and 130 
degrees. 

The lateral view is taken with the patient in the 
supine position, and the X-ray tube is directed 
either from the medial or lateral aspect of the 
thigh; a horizontal X-ray beam is employed. The 
film cassette is placed perpendicular to the table- 
top. 

First, identify as many of the relevant parts of the 
pelvis as possible. The obturator foramen, the is¬ 
chial spine and tuberosity, the pubic ramus, and 
the body of the pubis may all be recognized. The 
acetabular rims and the head and the whole neck 
of the femur are demonstrated. The greater and 
lesser trochanters and the proximal part of the 
shaft are visualized. 


Radiographic Appearances of the 
Knee Region 

The views commonly used are (1) anteroposterior 
and (2) lateral. 

The anteroposterior view is taken with the pa¬ 
tient supine and the film cassette placed behind the 
knee. The X-ray tube is placed in front of the knee 
and centered over a point about Vz inch (1.3 cm) 
below the apex of the patella. 

The lower part of the shaft of the femur, the lat- 
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Fig. 10-61. Anteroposterior radiograph of adult pel¬ 
vis. 

eral and medial epincondyles, and the adductor tu¬ 
bercle are easily visualized (Fig. 10-62). The patella 
is seen superimposed in front of the lateral and me¬ 
dial femoral condyles. The fabella , a sesamoid 
bone in the lateral head of the gastrocnemius, is 
sometimes seen superimposed on the lateral fem¬ 
oral condyle. The parallel joint surfaces, separated 
by a wide space occupied by the articular cartilage 
and the semilunar cartilages, which cast no 
shadow, are easily recognized. The intercondylar 
notch of the femur and the intercondylar eminence 
of the tibia are well shown. The medial and lateral 
condyles of the tibia are seen. The head of the fib¬ 
ula partly overlaps the lateral condyle of the tibia. 
The neck of the fibula and the upper parts of the 


shafts of the fibula and tibia are usually clearly 
seen. 

The lateral view is taken with the knee joint par¬ 
tially flexed. The film cassette is placed against the 
lateral aspect of the joint, and the X-ray tube is cen¬ 
tered on the medial side of the joint line. The pa¬ 
tient reclines on his side on the table. 

The lower part of the shaft of the femur is seen, 
and the lateral and medial femoral condyles are 
partly superimposed on each other (Fig. 10-63). 
The patella is clearly visualized in front of the fem¬ 
oral condyles. The intercondylar eminence of the 
tibia projects upward into the intercondylar notch 
of the femur, and its summit is overlapped by the 
femoral condyles. The lateral and medial tibial 
condyles are superimposed, and the tibial tuber¬ 
osity is seen on the anterior surface of the bone. 
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Fig. 10-62. Anteroposterior radiograph of adult 
knee. 
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Fig. 10-63. Lateral radiograph of adult knee. 
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Fig. 10-64. Anteroposterior radiograph of adult an¬ 
kle. 
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Fig. 10-65. Lateral radiograph of adult ankle. 


The head, neck, and upper part'of the shaft of the 
fibula are seen, the fibula overlapping the tibia to 
some extent. 


Radiographic Appearances of the 
Ankle Region 

The views commonly used are: (1) anteroposterior 
and (2) lateral. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position, the ankle joint is dor- 
siflexed to a right angle, and the big toe is pointed 
slightly medially. The film cassette is placed behind 
the ankle joint, and the X-ray tube is centered over 
the front of the joint. 

The lower ends of the tibia and fibula and the 
inferior tibiofibular joint are well shown (Fig. 10- 
64). The medial and lateral malleoli and the artic¬ 
ular surfaces of the tibia and the body of the talus 
are easily seen. The lateral malleolus usually partly 
overlaps the lateral aspect of the talus. The articu¬ 


lar surfaces of the lower end of the tibia and the 
superior surface of the talus are seen to be parallel 
and separated by a narrow space occupied by 
the articular cartilage, which is radiotranslucent. 
Other than the talus, the tarsal bones are not 
clearly visualized. 

The lateral view is taken with the lateral malleo¬ 
lus against the film cassette. It is important that 
the sagittal plane of the leg be parallel with the 
plane of the film. The X-ray tube is centered over a 
point about % inch (1.9 cm) proximal to the tip of 
the lateral malleolus. 

This view shows the lower ends of the tibia and 
fibula; the lateral and medial malleoli are super¬ 
imposed (Fig. 10-65). It should, however, be pos¬ 
sible to make out the anterior and posterior mar¬ 
gins of both malleoli. The articular surfaces of the 
ankle joint are clearly visualized. The talus and cal¬ 
caneum are seen in profile, and the subtalar and 
transverse tarsal joints can be identified. The cu¬ 
neiform bones and the cuboid are overlapped and 
not clearly seen. 
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Fig. 10-66. Anteroposterior radiograph of adult 
foot. 
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Radiographic Appearances of the 
Tarsus, Metatarsus, and Phalanges 

The views commonly used are: (1) anteroposterior, 
(2) lateral, and (3) oblique. 

The particular view used will depend on which 
bone is needed to be visualized to best advantage. 
The oblique view of the metatarsal bones is often 


of greater value than the lateral view, since, in the 
latter, the bones are superimposed. In the antero¬ 
posterior view, the film cassette is placed in contact 
with the sole. The tarsal bones, the metatarsals, 
and the phalanges are seen (Fig. 10-66). The two 
sesamoid bones of the big toe overlap the head of 
the first metatarsal bone. 


CLINICAL NOTES 
Arteries of the Lower Limb 

Every physician should know the precise position 
of the main arteries within the lower limb, for he 
may be called upon to arrest a severe hemorrhage 
or palpate different parts of the arterial tree in pa¬ 
tients with arterial occlusion. 

The femoral artery enters the thigh behind the 
inguinal ligament, at a point midway between the 
anterior superior iliac spine and the symphysis 
pubis. The artery is easily palpated here, since it 
may be pressed backward against the pectineus 
and the superior ramus of the pubis. 

The dorsalis pedis arteiy lies between the ten¬ 
dons of extensor hallucis longus and extensor digi- 
torum longus on the dorsal surface of the foot. It is 
covered only by skin and fascia and is easily pal¬ 
pated. 

The posterior tibial arteiy passes behind the me¬ 
dial malleolus, beneath the flexor retinaculum, and 
lies between the tendons of flexor digitorum longus 
and flexor hallucis longus. Gentle palpation, with¬ 
out too great pressure, enables one to detect the 
artery without much difficulty. 

It should be remembered that the dorsalis pedis 
artery is sometimes absent and is replaced by a 
large perforating branch of the peroneal artery. In 
the same manner, the peroneal artery may be 
larger than normal and replace the posterior tibial 
artery in the lower part of the leg. 


Femoral Arter)> Catheterization 

A long, fine catheter may be inserted into the fem¬ 
oral artery as it descends through the femoral tri¬ 
angle. The catheter is guided under fluoroscopic 
view along the external and common iliac arteries 
into the aorta. The catheter can then be passed into 


the inferior mesenteric, superior mesenteric, celiac 
arteries, or renal arteries. Contrast medium may 
then be injected into the artery under examination 
and a permanent record obtained by taking a ra¬ 
diograph. Pressure records can also be obtained by 
guiding the catheter through the aortic valve into 
the left ventricle. 

The popliteal artery is deeply placed in the pop¬ 
liteal fossa, and when it is examined with the knee 
extended, the deep fascia roofing over the fossa is 
made taut, and the pulse is difficult to detect. With 
the knee flexed and the patient kneeling or in the 
prone position, the fascia and neighboring muscles 
are relaxed, and the pulse is easily felt. Atheroscle¬ 
rosis is common in the femoral artery at the hiatus 
in the adductor magnus. In severe cases there will 
be absence of a popliteal pulse. 


Collateral Circulation 

If the arterial supply to the leg is occluded, necrosis 
or gangrene will follow unless there is an adequate 
bvpass to the obstruction, that is, a collateral cir¬ 
culation. Sudden occlusion of the femoral artery by 
ligature or embolism, for example, is usually fol¬ 
lowed by gangrene. However, gradual occlusion 
such as occurs in atherosclerosis is less likely to be 
followed by necrosis, since the collateral blood ves¬ 
sels have time to dilate fully. The collateral circu¬ 
lation for the proximal part of the femoral artery 
is through the cruciate and trochanteric anasto¬ 
moses; for the femoral artery in the adductor 
canal, it is through the perforating branches of the 
profunda femoris artery and the articular and 
muscular branches of the femoral and popliteal ar¬ 
teries. 

Arterial occlusive disease of the leg is common in 
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men. Ischemia of the muscles produces a cramp¬ 
like pain with exercise. If the femoral artery is ob¬ 
structed, there is an inadequate supply of blood to 
the calf muscles; the patient is forced to stop walk¬ 
ing after a limited distance because of the intensity 
of the pain. With rest, the oxygen depletion is cor¬ 
rected and the pain disappears. However, on the 
resumption of walking, the pain recurs. This con¬ 
dition is known as intermittent claudication. 


Sympathetic Innervation of 
the Arteries 

Sympathetic innervation of the arteries to the leg is 
derived from the lower three thoracic and upper 
two or three lumbar segments of the spinal cord. 
The preganglionic fibers pass to the lower thoracic 
and upper lumbar ganglia via white rami. The fi¬ 
bers synapse in the lumbar and sacral ganglia, and 
the postganglionic fibers reach the blood vessels via 
branches of the lumbar and sacral plexuses. The 
femoral artery receives its sympathetic fibers from 
the femoral and obturator nerves. The more distal 
arteries receive their postganglionic fibers via the 
common peroneal and tibial nerves. 

Lumbar sympathectomy may be advocated as a 
form of treatment in occlusive arterial disease of 
the lower limb in order to increase the blood flow 
through the collateral circulation. Preganglionic 
sympathectomy is performed by removing the up¬ 
per three lumbar ganglia and the intervening parts 
of the sympathetic trunk. 


Veins of the Lower Limb_ 

The veins of the lower limb may be divided into 
three groups: (1) superficial, (2) deep, and (3) per¬ 
forating. The superficial veins consist of the great 
and small saphenous veins and their tributaries; 
these are situated beneath the skin in the superfi¬ 
cial fascia. The constant position of the great sa¬ 
phenous vein in front of the medial malleolus 
should be remembered for patients requiring em¬ 
ergency blood transfusion. The deep veins are the 
venae comitantes to the anterior and posterior tib¬ 
ial, popliteal, and femoral arteries and their 
branches. The perforating veins are communicat¬ 
ing vessels that run between the superficial and 
deep veins. A number of these veins are found, par¬ 


ticularly in the region of the ankle and the medial 
side of the lower part of the leg. They possess valves 
that are arranged to prevent the flow of blood from 
the deep to the superficial veins. 


Venous Pump of the Lower Limb 

Within the closed fascial compartments of the 
lower limb, the thin-walled, valved venae comi¬ 
tantes are subjected to intermittent pressure both 
at rest and during exercise. The pulsations of the 
adjacent arteries help to move the blood up the 
limb. However, the contractions of the large mus¬ 
cles within the compartments during exercise com¬ 
press these deeply placed veins and force the blood 
up the limb. 

The superficial saphenous veins, except near 
their termination, lie within the superficial fascia 
and are not subject to these compression forces. 
The valves in the perforating veins prevent the 
high-pressure venous blood from being forced out¬ 
ward into the low-pressure superficial veins. More¬ 
over, as the muscles within the closed fascial com¬ 
partments relax, venous blood is sucked from the 
superficial into the deep veins. 


Varicose Veins 

A vein is said to be varicose when its diameter is 
greater than normal and it is elongated and tor¬ 
tuous. Varicosity of the esophageal and rectal veins 
is described elsewhere (pp. 139 and 393). This con¬ 
dition commonly occurs in the superficial veins of 
the lower limb, and although not a fatal disease, it 
is responsible for considerable discomfort, pain, 
and suffering in innumerable persons. 

Varicose veins have many causes, including he¬ 
reditary weakness of the vein walls and incompe¬ 
tent valves; elevated intra-abdominal pressure as 
the result of multiple pregnancies or abdominal tu¬ 
mors; and thrombophlebitis of the deep veins, 
which results in the superficial veins becoming the 
main venous pathway for the lower limb. It is easy 
to understand how this condition could be pro¬ 
duced bv the incompetence of a valve in a perfo¬ 
rating vein. Every time the patient exercised, high- 
pressure venous blood would escape from the deep 
veins into the superficial veins and produce a vari¬ 
cosity, which might be localized to begin with, but 
would become more extensive later. 
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The successful operative treatment of varicose 
veins depends on the ligation and division of all the 
main tributaries of the great or small saphenous 
veins, to prevent a collateral venous circulation 
from developing; and the ligation and division of 
all the perforating veins responsible for the leakage 
of high-pressure blood from the deep to the super¬ 
ficial veins. It is now common practice to remove 
or strip the superficial veins in addition. Needless 
to say, it is imperative to ascertain that the deep 
veins are patent before operative measures are 
taken. 


Coronary Bypass Surgery> 

In patients with occlusive coronary disease caused 
bv atherosclerosis, the diseased arterial segment 
may be bypassed by inserting a graft consisting of 
a portion of the great saphenous vein. The venous 
segment is reversed so that its valves do not ob- 
struct the arterial flow. Following removal of the 
great saphenous vein at the donor site, the super¬ 
ficial venous blood ascends the lower limb by pass¬ 
ing through perforating veins and entering the 
deep veins. 

The great saphenous vein can also be used to by¬ 
pass obstructions of the brachial or femoral arter¬ 
ies. 


Lymphatics of the Lower Limb 

The arrangement of the superficial and deep in¬ 
guinal lymph nodes is fully described on page 577. 
It is important to remember that they not only 
drain all the lymph from the lower limb, but also 
drain lymph from the skin and superficial fascia of 
the anterior and posterior abdominal walls below 
the level of the umbilicus; lymph from the external 
genitalia and the mucous membrane of the lower 
half of the anal canal also drains into these nodes. 
Remember the large distances the lymph has had 
to travel in some instances before it reaches the in¬ 
guinal nodes. For example, a patient may present 
with an enlarged, painful inguinal lymph node that 
is due to lymphatic spread of pathogenic organ¬ 
isms, which entered the body through a small 
scratch on the undersurface of the big toe. 


Muscles of the Lower Limb 

GLUTEUS MAXIMUS 

The gluteus maximus is a very large, thick muscle 
with coarse fasciculi that can be easily separated 
without damage. The great thickness of this mus¬ 
cle makes it ideal for intramuscular injections. To 
avoid injury to the underlying sciatic nerve, the in¬ 
jection should be given well forward on the upper 
outer quadrant of the buttock. 


GLUTEUS MEDIUS AND MINIMUS 

The gluteus medius and minimus muscles may be 
paralyzed when poliomyelitis involves the lower 
lumbar and sacral segments of the spinal cord. 
They are supplied by the superior gluteal nerve (L4 
and 5 and SI). Paralysis of these muscles seriously 
interferes with the ability of the patient to tilt the 
pelvis when walking. 


QUADRICEPS FEMORIS 

The quadriceps femoris is a most important exten¬ 
sor muscle for the knee joint. Its tone greatly 
strengthens the joint; therefore this muscle mass 
must be carefully examined when disease of the 
knee joint is suspected. Both thighs should be ex¬ 
amined and the size, consistency, and strength of 
the quadriceps muscles should be tested. Reduction 
in size due to muscle atrophy may be tested by 
measuring the circumference of each thigh a fixed 
distance above the superior border of the patella. 

The vastus medialis muscle extends farther dis- 
tally than the vastus lateralis. Remember that the 
vastus medialis is the first part of the quadriceps 
muscle to atrophy in knee joint disease and the last 
to recover. 

The rectus femoris muscle may rupture in sud¬ 
den violent extension movements of the knee joint. 
The muscle belly retracts proximally, leaving a gap 
which may be palpable on the anterior surface of 
the thigh. In complete rupture of the muscle sur¬ 
gical repair is indicated. 


ADDUCTOR MUSCLES 

In patients with cerebral palsy who have marked 
spasticity of the adductor group of muscles, it is 
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common practice to perform a tenotomy of the ad¬ 
ductor longus tendon and to divide the anterior di¬ 
vision of the obturator nerve. In addition, in some 
severe cases the posterior division of the obturator 
nerve is crushed. This operation overcomes the 
spasm of the adductor group of muscles and per¬ 
mits slow recovery of the muscles supplied by the 
posterior division of the obturator nerve. 


GASTROCNEMIUS AND SOLEUS 

Rupture of the tendo calcaneus is common in mid¬ 
dle-aged men and frequently occurs in tennis play¬ 
ers. The rupture occurs at its narrowest part, about 
2 inches (5 cm) above its insertion. There is a sud¬ 
den sharp pain with immediate disability. The gas¬ 
trocnemius and soleus muscles retract proximally, 
leaving a palpable gap in the tendon. The tendon 
should be sutured as soon as possible and the leg 
immobilized in plaster with the ankle joint plan- 
tarflexed and the knee joint flexed. 


PLANTARIS 

Rupture of the plantaris tendon is rare, although 
tearing of the fibers of the soleus or partial tearing 
of the tendo calcaneus is frequently diagnosed as 
such a rupture. 

The plantaris muscle, which is often missing, 
can be used for tendon autografts in repairing sev¬ 
ered flexor tendons to the fingers; the tendon of the 
palmaris longus muscle can also be used for this 
purpose. 


PERONEUS LONGUS AND BREVIS 

Tenosynovitis (inflammation of the synovial 
sheaths) can affect the tendon sheaths of the per- 
oneus longus and brevis muscles as they pass pos¬ 
terior to the lateral malleolus. Treatment consists 
of immobilization, heat, and physiotherapy. The 
tendons of peroneus longus and brevis can be dis¬ 
located forward from behind the lateral malleolus. 
For this condition to occur the superior peroneal 
retinaculum must be torn. It usually occurs in 
older children and is caused by trauma. 


TENDON REFLEXES 

Skeletal muscles receive a segmental innervation. 
Most muscles are innervated by two, three, or four 
spinal nerves and therefore by the same number of 
segments of the spinal cord. The segmental inner¬ 
vation of the following muscles in the lower limb 
should be known, since it is possible to test them 
by eliciting simple muscle reflexes in the patient. 

Patellar tendon reflex (knee jerk) L2, 3, and 4 (ex¬ 
tension of the knee joint on tapping the patellar 
tendon). 

Achilles tendon reflex (ankle jerk) SI and S2 (plan¬ 
tar flexion of ankle joint on tapping the Achilles 
tendon). 


ANTERIOR COMPARTMENT OF THE 
LEG SYNDROME 

The anterior compartment syndrome is produced 
by an increase in the intracompartmental pressure 
that results from an increased production of tissue 
fluid. Marked exertion may produce this condition. 
The deep, aching pain in the anterior compartment 
of the leg that is characteristic of this syndrome can 
become very severe. Dorsiflexion of the foot at the 
ankle joint increases the severity of the pain. As the 
pressure rises, the venous return is diminished, 
thus producing a further rise in pressure. In severe 
cases the arterial supply is eventually cut off by 
compression, and the dorsalis pedis arterial pulse 
disappears. The tibialis anterior, the extensor digi- 
torum longus, and the extensor hallucis longus 
muscles are paralyzed. Loss of sensation is limited 
to the area supplied by the deep peroneal nerve, 
i.e., the skin cleft between the first and second toes. 
The surgeon can open up the anterior compart¬ 
ment of the leg by making a longitudinal incision 
through the deep fascia and thus decompress the 
area and prevent anoxic necrosis of the muscles. 


Nerves of the Lower Limb 

FEMORAL NERVE 

The femoral nerve (L2, 3, and 4) enters the thigh 
from behind the inguinal ligament, at a point mid¬ 
way between the anterior superior ililac spine and 
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the pubic tubercle; it lies about a fingerbreadth lat¬ 
eral to the femoral pulse. About 2 inches (5 cm) 
below the inguinal ligament, the nerve splits up 
into its terminal branches (Fig. 10-67). 

The femoral nerve may be injured in stab or gun¬ 
shot wounds, but a complete division of the nerve 
is rare. The following clinical features are present 
when the nerve is completely divided: 


Motor 

The quadriceps femoris muscle is paralyzed, and 
the knee cannot be extended. In walking, this is 
compensated for to some extent by the use of the 
adductor muscles. 


Sensory 

There is loss of sensation over the medial side of 
the lower part of the leg and along the medial bor¬ 
der of the foot as far as the ball of the big toe; this 
area is normally supplied by the saphenous nerve. 


SCIATIC NERVE 

The sciatic nerve (L4 and 5; SI, 2, and 3) curves 
laterally and downward through the gluteal region, 
situated at first midway between the posterior su¬ 
perior iliac spine and the ischial tuberosity, and 
lower down, midway between the tip of the greater 
trochanter and the ischial tuberosity. The nerve 
then passes downward in the midline on the pos¬ 
terior aspect of the thigh and divides into the com¬ 
mon peroneal and tibial nerves, at a variable site 
above the popliteal fossa (Figs. 10-68 and 10-70). 

The nerve is sometimes injured by penetrating 
wounds, fractures of the pelvis, or dislocations of 
the hip joint. It is most frequently injured by badly 
placed intramuscular injections in the gluteal re¬ 
gion. To avoid this injury, nurses should be in¬ 
structed to give injections into the gluteus maximus 
or the gluteus medius well forward on the upper 
outer quadrant of the buttock. The majority of the 
nerve lesions are incomplete, and in 90 percent of 
injuries, the common peroneal part of the nerve is 
the most affected. The following clinical features 
are present: 


Motor 

The hamstring muscles are paralyzed, but weak 
flexion of the knee is possible, due to the action of 
the sartorius (femoral nerve) and gracilis (obtura¬ 
tor nerve). All the muscles below the knee are par¬ 
alyzed, and the weight of the foot causes it to as¬ 
sume the plantar-flexed position, or footdrop. 


Sensory 

There is loss of sensation below the knee, except for 
a narrow area down the medial side of the lower 
part of the leg and along the medial border of the 
foot as far as the ball of the big toe, which is sup¬ 
plied by the saphenous nerve (femoral nerve). 

The result of operative repair of a sciatic nerve 
injury is poor. It is rare for active movement to re¬ 
turn to the small muscles of the foot, and sensory 
recovery is rarely complete. Loss of sensation in the 
sole of the foot makes the development of trophic 
ulcers inevitable. 


SCIATICA 

This term is used to describe the condition in 
which patients have pain along the sensory distri¬ 
bution of the sciatic nerve. Thus the pain is expe¬ 
rienced in the posterior aspect of the thigh, the pos¬ 
terior and lateral sides of the leg, and the lateral 
part of the foot. Sciatica can be caused by prolapse 
of an intervertebral disc (see p. 947), with pressure 
on one or more roots of the lower lumbar and 
sacral spinal nerves, pressure on the sacral plexus 
or sciatic nerve by an intrapelvic tumor, or in¬ 
flammation of the sciatic nerve or its terminal 
branches. 


COMMON PERONEAL NERVE 

The common peroneal nerve (Fig. 10-68) is in a 
very exposed position as it leaves the popliteal fossa 
and winds around the neck of the fibula to enter 
the peroneus longus muscle. 

It is commonly injured in fractures of the neck 
of the fibula and by pressure from plaster casts or 
splints. The following clinical features are present: 
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Femoral nerve 
L2 L3 L4 



Fig. 10-67. Summary diagram of main branches of 
femoral nerve. 


Motor 

The muscles of the anterior and lateral compart¬ 
ments of the leg are paralyzed; namely, the tibialis 
anterior, the extensor digitorum longus and brevis, 
the peroneus tertius, the extensor hallucis longus 
(supplied by the deep peroneal nerve), and the per¬ 
oneus longus and brevis (supplied by the superfi¬ 
cial peroneal nerve). As a result, the opposing mus¬ 
cles, the plantar flexors of the ankle joint and the 
invertors of the subtalar and transverse tarsal 


joints, cause the foot to be plantar-flexed (foot- 
drop) and inverted, an attitude referred to as equi- 
novarus (Fig. 10-69). 


Sensory 

There is loss of sensation down the anterior and 
lateral sides of the leg and dorsum of the foot and 
toes, including the medial side of the big toe. The 
lateral border of the foot and the lateral side of the 
little toe are virtually unaffected (sural nerve, 
mainly formed from tibial nerve). The medial bor- 





















682 


10. The iMWer Limb 


sciatic nerve 



Fig. 10-68. Summary diagram showing origin of 
sciatic nerve and main branches of common pero¬ 
neal nerve. 
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Fig. 10-69. Footdrop. With this condition the indi¬ 
vidual catches his toes on the ground as he walks. 


der of the foot as far as the ball of the big toe is 
completely unaffected (saphenous nerve). 

When the injury occurs distal to the site of origin 
of the lateral cutaneous nerve of the calf, the loss 
of sensibility is confined to the area of the foot and 
toes. 


TIBIAL NERVE__ 

The tibial nerve (Fig. 10-70), leaves the popliteal 
fossa by passing deep to the gastrocnemius and so- 
leus muscles. Because of its deep and protected po¬ 
sition, it is rarely injured. Complete division results 
in the following clinical features: 


Motor _ 

All the muscles in the posterior compartment of 
the leg and the sole of the foot are paralyzed. The 
opposing muscles dorsiflex the foot at the ankle 
joint and evert the foot at the subtalar and trans¬ 
verse tarsal joints, an attitude referred to as calca- 
neovalgus. 


Sensory 

There is loss of sensation on the sole of the foot. 


OBTURATOR NERVE 

The obturator nerve (L2, 3, and 4) enters the thigh 
as anterior and posterior divisions thorugh the up¬ 
per part of the obturator foramen. The anterior di¬ 
vision descends in front of the obturator externus 
and the adductor brevis, deep to the floor of the 
femoral triangle. The posterior division descends 
behind the adductor brevis and in front of the ad¬ 
ductor magnus (Fig. 10-71). 

It is very rarely injured in penetrating wounds, 
in anterior dislocations of the hip joint, or in ab¬ 
dominal herniae through the obturator foramen. It 
maybe damaged during parturition. The following 
clinical features occur: 


Motor 

All the adductor muscles are paralyzed except the 
hamstring part of adductor magnus, which is sup¬ 
plied by the sciatic nerve. The sensory loss is min¬ 
imal on the medial aspect of the thigh. 


Bones 

FEMUR 

The head of the femur, i.e., that part that is not 
intraacetabular, can be palpated on the anterior as¬ 
pect of the thigh just inferior to the inguinal liga¬ 
ment and just lateral to the pulsating femoral ar¬ 
tery. Tenderness over the head of the femur usually 
indicates the presence of arthritis of the hip joint. 

The neck of the femur is inclined at an angle with 
the shaft; the angle is about 160 degrees in the 
young child and about 125 degrees in the adult. An 
increase in this angle is referred to as coxa valga, 
and it occurs, for example, in cases of congenital 
dislocation of the hip. In this condition, adduction 
of the hip joint is limited. A decrease in this angle 
is referred to as coxa vara, and it occurs in frac¬ 
tures of the neck of the femur and in slipping of 
the femoral epiphysis. In this condition, abduction 
of the hip joint is limited. Shenton’s line is a useful 
means of assessing the angle of the femoral neck 
on a radiograph of the hip region. (See p. 669.) 
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Fig. 10-70. Summary diagram, showing origin of 
sciatic nerve and main branches of tibial nerve. 
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Obturator nerve 



Fig. 10-71. Summary diagram of main branches of 
obturator nerve. 


An anatomical knowledge of the blood supply to 
the femoral head explains why avascular necrosis 
of the head may occur following fractures of the 
neck of the femur. The epiphysis of the head is sup¬ 
plied by a small branch of the obturator artery, 
which passes to the head along the ligament of the 
femoral head. The upper part of the neck of the 
femur receives a profuse blood supply from the 
medial femoral circumflex artery. These branches 
pierce the capsule and ascend the neck deep to the 
synovial membrane. As long as the epiphysial car¬ 
tilage remains, there is no communication between 
the two sources of blood. In the adult, after the 
epiphysial cartilage disappears, an anastomosis be¬ 
tween the two sources of blood supply is estab¬ 
lished. It is not difficult to understand that frac¬ 
tures of the femoral neck will interfere with or 
completely interrupt the blood supply from the 
root of the femoral neck to the femoral head. The 


scant blood flow along the small artery that ac¬ 
companies the round ligament may be insufficient 
to sustain the viability of the femoral head, and 
ischemic necrosis gradually takes place. 

Fractures of the neck of the femur are common 
and are of two types, (1) subcapital and (2) tro¬ 
chanteric. The subcapital fracture occurs in the el¬ 
derly and is usually produced by a minor trip or 
stumble. Subcapital femoral neck fractures are 
particularly common in women following the 
menopause. This sexual predisposition is due to a 
thinning of the cortical and trabecular bone caused 
by estrogen deficiency. Avascular necrosis of the 
head is a common complication. If the fragments 
are not impacted, there is considerable displace¬ 
ment. The strong muscles of the thigh pull the dis¬ 
tal fragment upward, so that the leg is shortened. 
The gluteus maximus, the piriformis, the obturator 
internus, the gamelli, and the quadratus femoris 
rotate the distal fragment laterally. 

Trochanteric fractures commonly occur in the 
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young and middle-aged as the result of direct 
trauma. The fracture line is extracapsular, and 
both fragments have a profuse blood supply. If the 
bone fragments are not impacted, the pull of the 
strong muscles will produce shortening and lateral 
rotation of the leg, as previously explained. 

In fractures of the upper third of the femur, the 
proximal fragment is flexed by the iliopsoas, ab¬ 
ducted by the gluteus medius and minimus, and 
laterally rotated by the gluteus maximus, the piri¬ 
formis, the obturator internus, the gemelli, and the 
quadratus femoris. The lower fragment is ad¬ 
ducted by the adductor muscles, pulled upward by 
the hamstrings and quadriceps, and laterally ro¬ 
tated by the adductors and the weight of the foot. 

In fractures of the middle third of the femur, the 
distal fragment is pulled upward by the ham¬ 
strings and the quadriceps, so that there is consid¬ 
erable shortening. The distal fragment is also ro¬ 
tated backward by the pull of the two heads of the 
gastrocnemius. 

In fractures of the distal third of the shaft of the 
femur, the same displacement of the distal frag¬ 
ment occurs as seen in fractures of the middle third 
of the shaft. However, the distal fragment is 
smaller and is rotated backward by the gastrocne¬ 
mius muscle to a greater degree and may exert 
pressure on the popliteal artery and interfere with 
the blood flow through the leg and foot. 

From these accounts, it is clear that a knowledge 
of the different actions of the muscles of the leg is 
necessary if one is to understand the displacement 
of the fragments of a fractured femur. Consider¬ 
able traction on the distal fragment is usually re¬ 
quired to overcome the powerful muscles and re¬ 
store the limb to its correct length. Manipulation 
of the bone is necessary to bring the proximal and 
distal fragments into correct alignment. 


PATELLA 

The patella is a sesamoid bone lying within the 
quadriceps tendon. The importance of the lower 
horizontal fibers of the vastus medialis and the 
large size of the lateral condyle of the femur in pre¬ 
venting lateral displacement of the patella has been 
emphasized. Cases of congenital recurrent dislo¬ 
cation of the knee are due to underdevelopment of 
the lateral femoral condyle. 

Should the patella be fractured as the result of 


direct violence, it is broken into a number of small 
fragments. Since the bone lies within the quadri¬ 
ceps femoris tendon, little separation of the frag¬ 
ments takes place. Fracture of the patella due to 
indirect violence is caused by the sudden contrac¬ 
tion of the quadriceps snapping the patella across 
the front of the femoral condyles. The knee is in the 
semiflexed position, and the fracture line is trans¬ 
verse. Separation of the fragments usually occurs. 


TIBIA AND FIBULA 

Fractures of the tibia and fibula are common. For¬ 
tunately, if only one bone is fractured, the other 
acts as a splint and there is minimal displacement. 
Fractures of the shaft of the tibia are often com¬ 
pound, since the entire length of the medial surface 
is covered only by skin and superficial fascia. Frac¬ 
tures of the distal third of the shaft of the tibia are 
prone to delayed union or nonunion. This may be 
due to the fact that the nutrient artery is torn at 
the fracture line, with a consequent reduction in 
blood flow to the distal fragment; it is also possible 
that the splintlike action of the intact fibula pre¬ 
vents the proximal and distal fragments from com¬ 
ing into apposition. 

Fractures of the proximal end of the tibia. Frac¬ 
tures of the tibial condyles are common in the mid¬ 
dle-aged and elderly; they usually result from di¬ 
rect violence to the side of the knee joint, as when 
a person is hit by an automobile. The tibial condyle 
may show a split fracture or be broken up, or the 
fracture line may pass between both condyles in 
the region of the intercondylar eminence. As the 
result of forced abduction of the knee joint, the me¬ 
dial collateral ligament can also be ruptured. 


BONES OF THE FOOT 

Fractures of the bones of the foot. Fractures of the 
talus occur at the neck or body of the talus. Neck 
fractures occur during violent dorsiflexion of the 
ankle joint when the neck is driven against the an¬ 
terior edge of the distal end of the tibia. The body 
of the talus can be fractured by jumping from a 
height, although the two malleoli prevent displace¬ 
ment of the fragments. 

Compression fractures of the calcaneum result 
from falls from a height. The weight of the body 
drives the talus downward into the calcaneum, 
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crushing it in such a way that it loses vertical 
height and becomes wader laterally. The posterior 
portion of the calcaneum above the insertion of the 
tendo calcaneus can be fractured by the posterior 
displacement of the talus. The sustentaculum tali 
can be fractured by forced inversion of the foot. 

Fractures of the metatarsal bones. The base of 
the fifth metatarsal can be fractured during forced 
inversion of the foot, at which time the tendon of 
insertion of the peroneus brevis muscle pulls off the 
base of the metatarsal. 

Stress fracture of a metatarsal bone is common 
in soldiers after long marches; it can also occur in 
nurses and hikers. It occurs most frequently in the 
distal third of the second, third, or fourth metatar¬ 
sal bone. 


Joints 

HIP JOINT 

The stability of the hip joint depends on the ball- 
and-socket arrangement of the articular surfaces 
and the very strong ligaments. In congenital dislo¬ 
cation of the hip, the upper lip of the acetabulum 
fails to develop adequately, and the head of the fe¬ 
mur, having no stable platform under which it can 
lodge, rides up out of the acetabulum onto the glu¬ 
teal surface of the ilium. 

Traumatic dislocation of the hip is rare because 
of its strength. However, should it occur, it usually 
does so when the joint is flexed and adducted. The 
head of the femur is displaced posteriorly out of the 
acetabulum, and it comes to rest on the gluteal sur¬ 
face of the ilium (posterior dislocation). The close 
relation of the sciatic nerve to the posterior surface 
of the joint makes it prone to injury in posterior 
dislocations. 

The stability of the hip joint when a person 
stands on one leg with the foot of the opposite leg 
raised above the ground depends on three factors: 

1. The gluteus medius and minimus must be func¬ 
tioning normally. 

2. The head of the femur must be located normally 
within the acetabulum. 

3. The neck of the femur must be intact and must 
have a normal angle with the shaft of the femur. 

If any one of these factors is defective, then the pel¬ 
vis will sink downward on the opposite, unsup¬ 


ported side. The patient is then said to exhibit a 
positive Trendelenburg’s sign (Fig. 10-72). 

Normally, when walking, a person alternately 
contracts the gluteus medius and minimus, first on 
one side and then on the other. By this means he is 
able to raise the pelvis first on one side and then on 
the other, to allow the leg to be flexed at the hip 
joint and moved forward; i.e., the leg is raised clear 
of the ground before it is thrust forward in taking 
the forward step. A patient with a right-sided con¬ 
genital dislocation of the hip, when asked to stand 
on his right leg and raise the opposite leg clear of 
the ground, will exhibit a positive Trendelenburg’s 
sign, and the unsupported side of the pelvis will 
sink below the horizontal. If the patient is asked to 
walk, he will show the characteristic “dipping” 
gait. In patients with bilateral congenital disloca¬ 
tion of the hip, the gait is typically “waddling” in 
nature. 

A patient with an inflamed hip joint will place 
the femur in the position that gives him minimum 
discomfort, i.e., the position in which the joint cav¬ 
ity has the greatest capacity to contain the in¬ 
creased amount of synovial fluid secreted. The hip 
joint is partially flexed, abducted, and externally 
rotated. 

Osteoarthritis, the most common disease of the 
hip joint in the adult, causes pain, stiffness, and 
deformity. The pain may be in the hip joint itself 
or referred to the knee (the obturator nerve sup¬ 
plies both joints). The stiffness is due to the pain 
and reflex spasm of the surrounding muscles. The 
deformity is flexion, adduction, and external rota¬ 
tion and is produced initially by muscle spasm and 
later by muscle contracture. 


KNEE JOINT 

The strength of the knee joint depends on the 
strength of the ligaments that bind the femur to 
the tibia and on the tone of the muscles acting on 
the joint. The most important muscle group is the 
quadriceps femoris, and, provided this is well de¬ 
veloped, it is capable of stabilizing the knee in the 
presence of torn ligaments. 

The synovial membrane of the knee joint is very 
extensive, and if the articular surfaces, semilunar 
cartilages, or ligaments of the joint are damaged, 
the large synovial cavity becomes distended with 
fluid. The wide communication between the su- 
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Fig. 10-72. The Trendelenburg test. 


prapatellar bursa and the joint cavity results in this 
structure’s becoming distended also. The swelling 
of the knee extends some 3 or 4 fingerbreadths 
above the patella and laterally and medially be¬ 
neath the aponeuroses of insertion of the vastus la¬ 
teralis and medialis, respectively. 

Injuries of the semilunar cartilages are very com¬ 
mon. The medial cartilage is damaged much more 
frequently than the lateral, and this is probably due 
to its strong attachment to the medial collateral 
ligament of the knee joint, which restricts its mo¬ 
bility. The injury occurs when the femur is rotated 
on the tibia, or the tibia rotated on the femur, with 
the knee joint partially flexed and taking the weight 
of the body. The tibia is usually abducted on the 
femur, and the medial cartilage is pulled into an 
abnormal position between the femoral and tibial 
condyles (Fig. 10-73). A sudden movement be¬ 
tween the condyles results in the cartilage being 
subjected to a severe grinding force, and it splits 


along its length. When the torn part of the cartilage 
becomes wedged between the articular surfaces, 
further movement is impossible, and the joint is 
said to “lock.” 

Injury to the lateral semilunar cartilage is less 
common, probably due to the fact that it is not at¬ 
tached to the lateral collateral ligament of the knee 
joint and is consequently more mobile. The poplit- 


Fig. 10-73. (A) Mechanism involved in damage to 
the medial semilunar cartilage of the knee joint in 
a football game. Note that the right knee joint is 
semiflexed and that there is medial rotation of the 
femur on the tibia. The impact causes forced ab¬ 
duction of the tibia on the femur, and the medial 
semilunar cartilage is pulled into an abnormal po¬ 
sition. The cartilage is then ground between the fe¬ 
mur and the tibia. (B) Testing for integrity of the 
anterior cruciate ligament. (C) Testing for integrity 
of the posterior cruciate ligament. 
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cus muscle sends a few of its fibers into the lateral 
cartilage, and these may pull the cartilage into a 
more favorable position during sudden movements 
of the knee joint. 

Forced abduction of the tibia on the femur may 
result in partial tearing of the medial collateral lig¬ 
ament, which may occur at its femoral or tibial at¬ 
tachments. It is useful to remember that tears of 
the semilunar cartilages result in localized tender¬ 
ness on the joint line, whereas sprains of the medial 
collateral ligament result in tenderness over the 
femoral or tibial attachments of the ligament. 

Tears or rupture of the cruciate ligaments occur 
when severe force is applied to the knee joint. The 
injury is always accompanied by damage to other 
knee structures; the collateral ligaments are com¬ 
monly torn, or the capsule may be damaged. The 
joint cavity quickly fills with blood {hemarthrosis ), 
so that the joint is swollen. Examination of patients 
with a ruptured anterior cruciate ligament shows 
that the tibia can be pulled excessively forward on 
the femur; with rupture of the posterior cruciate 
ligament, the tibia can be made to move excessively 
backward on the femur (Fig. 10-73). Since the sta¬ 
bility of the knee joint depends largely on the tone 
of the quadriceps femoris muscle and the integrity 
of the collateral ligaments, operative repair of iso¬ 
lated torn cruciate ligaments is not often at¬ 
tempted. The knee is immobilized in slight flexion 
in a plaster cast, and active physiotherapy on the 
quadriceps femoris muscle is begun at once. 
Should, however, the capsule of the joint and the 
collateral ligaments be torn in addition, early op¬ 
erative repair is essential. 


Pneumoarthrography 

Air can be injected into the synovial cavity of the 
knee joint so that soft tissues can be studied. This 
technique is based on the fact that air is less radi¬ 
opaque than structures such as the medial and lat¬ 
eral semilunar cartilages, so their outline can be 
visualized on a radiograph. 


Arthroscopy 

This procedure involves the introduction of a 
lighted instrument into the synovial cavity of the 
knee joint through a small incision. This technique 
permits the direct visualization of structures, such 


as the cruciate ligaments and the semilunar carti¬ 
lages, for diagnostic purposes. 


ANKLE JOINT 

The ankle joint is a hinge joint possessing great sta¬ 
bility. The deep mortise formed by the lower end • 
of the tibia and the medial and lateral malleoli se¬ 
curely holds the talus in position. i 

Sprains of the ankle are usually caused by exces- r 
sive inversion of the foot. The anterior talofibular ; 
ligament and the calcaneofibular ligament are par- I 
tially torn, giving rise to great pain and local swell¬ 
ing. A similar but less common injury may occur 
to the medial or deltoid ligament as the result of > 
excessive eversion. The great strength of the medial 
ligament usually results in the ligament pulling off 
the tip of the medial malleolus. 

Fracture dislocations of the ankle joint are com- ) 
mon. Forced external rotation and overeversion of 
the foot is the most frequent cause of fracture dis¬ 
location. The talus is externally rotated forcibly i 
against the lateral malleolus of the fibula. The tor¬ 
sion effect on the lateral malleolus causes it to frac¬ 
ture spirally. If the force continues, the talus moves S 
laterally, and the medial ligament of the ankle joint p 
becomes taut and pulls off the tip of the medial 
malleolus. If the talus is forced to move still far¬ 
ther, its rotary movement results in its violent con¬ 
tact with the posterior inferior margin of the tibia, 
which shears off. Other less common types of frac¬ 
ture dislocation are due to forced overeversion 
(without rotation), in which the talus presses the 
lateral malleolus laterally and causes it to fracture 
transversely. Overinversion (without rotation), in 
which the talus presses against the medial malleo¬ 
lus, will produce a vertical fracture through the 
base of the medial malleolus. 


METATARSOPHALANGEAL JOINT OF 

BIG TOE c 

Hallux valgus, which is a lateral deviation of the 
great toe at the metatarsophalangeal joint, is a ^ 
common condition. Its incidence is greater in 
women than men and is associated with badly fit- ‘ 
ting shoes. It is often accompanied by the presence ' 
of a short first metatarsal bone. Once the deformity 
is established, it is progressively worsened by the 
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pull of the flexor hallucis longus and the exten¬ 
sor hallucis longus muscles. Later, osteoarthritic 
changes occur in the metatarsophalangeal joint, 
which then becomes stiff and painful; the condi¬ 
tion is then known as hallux rigidus. 


Bursae 

A number of bursae are found in the lower limb 
where skin, tendons, ligaments, or muscles repeat¬ 
edly rub against bony points or ridges. Unaccus¬ 
tomed exercise or direct trauma may result in their 
becoming inflamed and distended with excessive 
amounts of fluid. The following bursae are prone 
to inflammation: the bursa over the ischial tuber¬ 
osity (weaver’s bottom); the prepatellar and super¬ 
ficial infrapatellar bursae (housemaid’s or clergy¬ 
man’s knee); the bursa between the tendo 
calcaneus and the upper part of the calcaneum 
(long-distance runner’s ankle). 

Two important bursae communciate with the 
knee joint, and they may become distended if there 
is an accumulation of excessive amounts of syno¬ 
vial fluid within the joint. The suprapatellar bursa 
extends proximally about 3 fmgerbreadths above 
the patella beneath the quadriceps femoris muscle. 
The bursa, which is associated with the insertion 
of the semimembranosus muscle, may enlarge in 
patients with osteoarthritis of the knee joint. 

The anatomical bursae described should not be 
confused with adventitious bursae, which develop 
in response to abnormal and excessive friction. For 
example, a subcutaneous bursa sometimes devel¬ 
ops over the tendo calcaneus in response to badly 
fitting shoes. A bunion is an adventitial bursa lo¬ 
cated over the medial side of the head of the first 
metatarsal bone. 


Femoral Sheath and Femoral 
Hernia _ 

The femoral sheath is a protrusion of the fascial 
envelope lining the abdominal walls and surrounds 
the femoral vessels and lymphatics for about 1 inch 
(2.5 cm) below the inguinal ligament (Fig. 4-34). 
The femoral canal, the compartment for the lym¬ 
phatics, occupies the medial part of the sheath. It 
is about V 2 inch (1.3 cm) long, and its upper open¬ 
ing is referred to as the femoral ring. The femoral 
septum, which is a condensation of extraperitoneal 


tissue, closes the femoral ring. 

A femoral hernia is more common in women 
than in men (possibly due to their wider pelvis and 
femoral canal). The hernial sac passes down the 
femoral canal, pushing the femoral septum before 
it. On escaping through the lower end, it lies be¬ 
neath the saphenous opening in the deep fascia of 
the thigh. With further expansion, the hernial sac 
may turn forward and upward to form a swelling 
in the upper part of the thigh (Fig. 4-34). 

The neck of the sac always lies below and lateral 
to the pubic tubercle (Fig. 4-33). This serves to dis¬ 
tinguish it from an inguinal hernia, which lies 
above and medial to the pubic tubercle. The neck 
of the sac is narrow and lies at the femoral ring. 
The ring is related anteriorly to the inguinal liga¬ 
ment; posteriorly, to the pectineal ligament and the 
superior ramus of the pubis; medially, to the sharp 
free edge of the lacunar ligament; and laterally, to 
the femoral vein. Because of these anatomical 
structures, the neck of the sac is unable to expand. 
Once an abdominal viscus has passed through the 
neck into the body of the sac, it may be difficult to 
push it up and return it to the abdominal cavity 
(irreducible hernia'). Furthermore, after the patient 
strains or coughs, a piece of bowel may be forced 
through the neck, and its blood vessels may be 
compressed by the femoral ring, seriously impair¬ 
ing its blood supply (strangulated hernia ). A fem¬ 
oral hernia is a dangerous condition and should al¬ 
ways be treated surgically. 

When considering the differential diagnosis of a 
femoral hernia, it is important to consider diseases 
that may involve other anatomical structures close 
to the inguinal ligament. For example: 

1. Inguinal canal. The swelling of an inguinal her¬ 
nia lies above the medial end of the inguinal lig¬ 
ament. Should the hernial sac emerge through 
the superficial inguinal ring to start its descent 
into the scrotum, the swelling will lie above and 
medial to the pubic tubercle. The sac of a fem¬ 
oral hernia lies below and lateral to the pubic 
tubercle. 

2. Superficial inguinal lymph nodes. Usually, there 
is more than one lymph node enlarged. In pa¬ 
tients with inflammation of the nodes (lym¬ 
phadenitis), carefully examine the entire area of 
the body that drains its lymph into these nodes. 
A small, unnoticed skin abrasion may be found. 
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Never forget the mucous membrane of the lower 
half of the anal canal—it may have an undiscov¬ 
ered carcinoma. 

3. Great saphenous vein. A localized dilatation of 
the terminal part of the great saphenous vein, a 
saphenous varir, may cause confusion, espe¬ 
cially since a hernia and a varix increase in size 
when the patient is asked to cough. (Elevated in¬ 
traabdominal pressure drives the blood down¬ 
ward.) The presence of varicose veins elsewhere 
in the leg should help in the diagnosis. 

4. Psoas sheath. Tuberculous infection of a lumbar 
vertebra may result in the extravasation of pus 
down the psoas sheath into the thigh. The pres¬ 
ence of a swelling above and below the inguinal 
ligament, together with clinical signs and symp¬ 
toms referred to the vertebral column, should 
make the diagnosis obvious. 

5. Femoral artery. An expansile swelling lying along 
the course of the femoral artery that fluctuates 
in time with the pulse rate should make the di¬ 
agnosis of aneurysm of the femoral artery cer¬ 
tain. 


Arches of the Foot 

The arches of the foot have been fully described on 
page 665. Of the three arches, the medial longitudi¬ 
nal is the largest and clinically the most important. 
The shape of the bones, the strong ligaments, es¬ 
pecially those on the plantar surface of the foot, 
and the tone of muscles all play an important role 
in supporting the arches. It has been shown that in 
the active foot the tone of muscles is a very impor¬ 


tant factor in arch support. When the muscles are 
fatigued by excessive exercise (a long route march 
by an army recruit), by standing for long periods 
(waitress or nurse), by overweight, or by illness, 
the muscular support gives way, the ligaments are 
stretched, and pain is produced. 

Pes planus (flat foot) is a condition in which the 
medial longitudinal arch is depressed or collapsed. 
As a result, the forefoot is displaced laterally and 
everted. The head of the talus is no longer sup¬ 
ported, and the body weight forces it downward 
and medially between the calcaneum and the na¬ 
vicular bone. When the deformity has existed for 
some time, the plantar, calcaneonavicular, and me¬ 
dial ligaments of the ankle joint become perma¬ 
nently stretched, and the bones change shape. 
The muscles and tendons are also permanently 
stretched. There are both congenital and acquired 
causes of flat foot. 

Pes cavus (clawfoot) is a condition in which the 
medial longitudinal arch is unduly high. Most cases 
are due to muscle imbalance, in many instances 
resulting from poliomyelitis. 


Plantar Aponeurosis 

Plantar fasciitis, which occurs in individuals who 
do a great deal of standing or walking, produces 
pain and tenderness of the sole of the foot. It is 
believed to be due to trauma or a pulling on the 
plantar aponeurosis. Repeated attacks of this con¬ 
dition induce ossification in the posterior attach¬ 
ment of the aponeurosis, forming a calcaneal spur. 


CLINICAL PROBLEMS _ 

1. Following a major abdominal operation, a pa¬ 
tient was given a course of antibiotics by intra¬ 
muscular injection. The nurse was instructed to 
give the injections into the buttock. During con¬ 
valescence, the patient started to experience 
numbness and a tingling sensation down the 
anterior and lateral sides of the right leg and 
dorsum of the foot. He also stated that his right 
leg felt heavy and that his right foot tended to 
catch on steps and on the edges of the carpet. 
On examination, there was evidence of im¬ 
paired skin sensation on the anterior and lat- 


Answers on page 972 

eral sides of the right leg and dorsum of the 
right foot. The patient tended to hold his foot 
plantar flexed and slightly inverted. On com¬ 
paring the relative strengths of the plantar and 
dorsiflexors of the ankle joint on both legs, it 
was found that dorsiflexion of the right ankle 
was weaker than normal. The evert or muscles 
were also weaker than normal. Using your 
knowledge of anatomy, explain the patient’s 
signs and symptoms. What precautions should 
a nurse take when giving intramuscular injec¬ 
tions into the buttock? 
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2. A 5-year-old girl of Italian extraction was 
brought to the orthopedic clinic because of her 
dipping gait on walking. The history revealed 
that she started to walk late and that she al¬ 
ways had a slight limp on the “left” side. On 
observing her walk, it was seen that her pelvis 
sagged down on the left side. When the patient 
was asked to stand on her left leg and raise the 
opposite leg off the ground, the pelvis on the 
unsupported side was lifted above the horizon¬ 
tal. When she was asked to stand on her right 
leg and raise the left leg off the ground, the pel¬ 
vis on the unsupported side sagged down below 
the horizontal. With the patient standing up¬ 
right on both legs, the top of the greater tro¬ 
chanter on the right side was situated above a 
line drawn between the anterior superior iliac 
spine and ischial tuberosity. On the left side the 
greater trochanter was normally placed on this 
line. Radiological examination of the right hip 
joint showed that Shenton’s line was not intact. 
Using your anatomical knowledge, make a di¬ 
agnosis. What is the anatomical basis for the 
Trendelenburg’s sign? 

3. A 45-year-old man visited his physician com¬ 
plaining of a lump in the groin. He had first 
noticed it 3 months earlier, and it had gradually 
become larger. The lump caused him neither 
pain nor discomfort. On examination, a small 
discrete hard swelling was found about 2 
inches (5 cm) below and lateral to the pubic 
tubercle on the front of the right thigh. Two 
smaller hard swellings were also found imme¬ 
diately below the other swelling. The patient’s 
skin on the front and the back of the body was 
carefully examined from the level of the umbil¬ 
icus to the sole of the foot. The external geni¬ 
talia were also carefully scrutinized. Examina¬ 
tion of the anal canal revealed nothing 
abnormal. The only abnormal lesion discovered 
was a small pigmented tumor beneath the nail 
of the right second toe. What is the possible 
connection between the small painless mole on 
the second toe and the painless swellings in the 
groin? Why did the physician examine such a 
wide area of the patient’s body? 

4. A 45-year-old woman was seen in the emer¬ 
gency room complaining of abdominal pain 
and repeated vomiting. On questioning, the pa¬ 
tient stated that the pain was severe and colicky 


in nature and most intense in the region of the 
umbilicus. On examination, the patient showed 
obvious signs of dehydration, namely, dry skin, 
dry tongue, and sunken eyes. The abdomen 
showed no distention, but excessively loud 
bowel peristaltic sounds ( borborygmi) could be 
heard with the stethoscope. A small, tender, 
tense swelling was found in the front of the left 
thigh. When the patient was asked to cough, 
there was no expansion of the swelling. The 
swelling was located below and lateral to the 
left pubic tubercle. The patient said she had 
first noticed the swelling about 3 years ago and 
that 2 days ago, after coughing, it had in¬ 
creased in size and become tender. Given that 
the patient has acute intestinal obstruction and 
using your knowledge of anatomy, what is your 
diagnosis? 

5. A 47-year-old woman visited her physician 
complaining of a dull, aching pain in the lower 
part of both legs. She stated that this had been 
getting progressively worse since the birth of 
her sixth child and was particularly bad at the 
end of a long day of standing at the ironing 
board. She also noticed that the skin along the 
medial side of the legs had started to become 
irritated. On examination, the patient was seen 
to have widespread varicose veins, extending 
from the lower thigh down to the dorsum of 
the foot in both legs. The skin showed marked 
discoloration over the medial malleoli and was 
dry and scaly. This patient had severe varicose 
veins of both legs, which required surgical 
treatment. Using your anatomical knowledge, 
state which veins of the legs were involved. 
What simple test must be performed before a 
radical venous operation is carried out? Which 
important tributaries have to be ligated at op¬ 
eration? Suppose that, on placing your hand 
over the varicose veins, you noticed that they 
expanded when the patient coughed. Why 
would this occur? Describe the so-called venous 
pump of the leg. 

6. On a routine anteroposterior X-ray examination 
of a patient’s right hip joint, the long axis of the 
neck of the femur was found to be at an angle 
of 160 degrees with the long axis of the femoral 
shaft. Is this angle normal in a 5-year-old child? 
In a 35-year-old man? What is the clinical con¬ 
dition called in which the angle is smaller than 
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normal? Which movement of the hip joint is 
limited by this condition? 

7. Fractures of the neck of the femur in the adult 
commonly result in avascular necrosis of part 
of the femoral head. Can you explain this on 
anatomical grounds? Trochanteric fractures are 
never accompanied by avascular necrosis. Why? 

8. A 25-year-old man was admitted to the hospital 
following an automobile accident. Apart from 
other superficial injuries, he was found to have 
a fracture of the middle third of the right fe¬ 
mur. On examination, the right leg showed 2 
inches (5 cm) of shortening. A lateral radi¬ 
ograph showed overlap of the fragments, with 
the distal fragment rotated backward. Using 
your knowledge of anatomy, can you explain 
the shortening of the right leg? Why was the 
distal fragment rotated posteriorly? Will a large 
or a small amount of force be necessary to re¬ 
store the leg to its original length? 

9. A 65-year-old man was admitted to the hospital 
suffering from severe intermittent claudication 
of the left leg. He could walk about 50 yards 
(46 m) before the cramplike pain in his calf 
muscles forced him to rest. On examination, 
his femoral pulses were found to be normal in 
both legs. The popliteal, dorsalis pedis, and 
posterior tibial arteries were present in the 
right leg, but completely absent in the left leg. 
Arteriography revealed a normal right femoral 
artery, but the artery on the left was completely 
blocked at the level of the adductor tubercle. 
Other blocks were seen at different levels lower 
down the arterial tree. In view of the extensive 
arteriosclerosis involving many areas of the 
main arterial supply, it was decided that a ve¬ 
nous grafting operation would not be per¬ 
formed. Instead, an attempt would be made to 
increase the blood flow through the collateral 
circulation, (a) How is it possible to increase 
the blood flow through the collateral circula¬ 
tion? (b) How does blood reach the distal part 
of the leg in the presence of a block in the fem¬ 
oral artery at the opening in the adductor mag- 
nus? 

10. What is the sympathetic innervation of the dig¬ 
ital arteries of the foot? 

11. On the death of her husband, a 50-year-old 
woman decided to earn her living by becoming 
an office cleaner. Part of her work involved the 


scrubbing of a flight of stone steps. After 3 
weeks she noticed a painful swelling in front of 
the lower part of the left knee. On the basis of 
your knowledge of anatomy, what is the diag¬ 
nosis? 

12. A medical student, while playing football, col¬ 
lided with another player and fell to the 
ground. As he fell, the right knee, which was 
taking the weight of his body, was partially 
flexed, the femur was rotated medially, and the 
leg abducted on the thigh. A sudden pain was 
felt in the right knee joint, and he was unable 
to extend it. When examined by a physician an 
hour later, the student was still unable to ex¬ 
tend the knee, which was by now greatly swol¬ 
len. Severe local tenderness was felt along the 
medial side of the joint line. What is the diag¬ 
nosis? Why was the knee locked? Why was the 
swelling of the knee so extensive over the front 
of the joint? 

13. A 30-year-old man suspected of having a neu¬ 
rological disorder was asked to cross his knees 
and relax while his ligamentum patellae was 
tapped briskly with a small hammer. The pro¬ 
cess was repeated on the opposite leg. The pa¬ 
tient was then asked to kneel on a chair, and 
while the examiner gently held his foot, the 
tendo calcaneus was tapped briskly with a 
hammer. This was repeated on the opposite 
side. Finally, the patient was asked to lie flat on 
his back, and a sharp, pointed instrument was 
drawn steadily along the lateral border of the 
sole of the foot (Babinski test). What are the 
anatomical reasons for performing (1) the knee 
jerk, (2) the ankle jerk, and (3) the Babinski 
test? 

14. Following a severe automobile accident, a 25- 
year-old woman was found to have an unstable 
right knee joint. On examination under an an¬ 
esthetic, it was possible to pull the tibia for¬ 
ward excessively on the femur. The patient’s 
knee joint was fixed in plaster for 3 months, 
and vigorous physiotherapy was carried out on 
her quadriceps femoris muscle. What structure 
was damaged in the knee joint? Why was it nec¬ 
essary to have physiotherapy on the quadriceps 
femoris muscle? 

15. An 18-year-old girl was running across a 
plowed field when she stumbled and overin¬ 
verted her left foot. One hour later she was ex- 
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amined by her physician. The lateral side of the 
ankle was tender and swollen. Movements of 
the ankle were restricted, especially when the 
foot was inverted. Careful, gentle palpation 
demonstrated a small area of great tenderness 
below and in front of the lateral malleolus. X- 
ray examination of the ankle joint was negative. 
What is the diagnosis? In which joints do ever¬ 
sion and inversion of the foot take place? 

16. A 25-year-old man was running across open 
country when he caught his left foot in a rabbit 
hole. As he fell, the left foot was violently ro¬ 
tated laterally and overeverted. On attempting 
to stand, he found he could place no weight on 
his left foot. Half an hour later he was exam¬ 
ined by a physician. The left ankle was consid¬ 
erably swollen, especially on the lateral side. 
The left heel appeared to be unduly prominent. 
Anteroposterior and lateral radiographs of the 
ankle showed a fracture of the medial and lat¬ 
eral malleoli and a fracture of the lower end of 
the tibia. The tibia was displaced forward on 
the talus. The diagnosis of severe fracture dis¬ 
location of the ankle joint was made, (a) Is the 
ankle joint normally a stable joint? If so, what 
does the stability depend upon? (b) Describe in 
anatomical terms how this patient’s fracture 
dislocation took place, (c) What type of fracture 
occurs involving the lateral and medial mal¬ 
leoli—transverse, oblique, or spiral? 

17. An 18-year-old girl decided to work as a wait¬ 
ress during the summer vacation to earn part 
of her college fees. She had never done this type 
of work before. After working for 8 hours a day, 
for a week, she found that her feet were swollen 
and painful, and her legs ached. Using your an¬ 
atomical knowledge, explain the underlying 
cause for her discomfort. 

18. A 54-year-old man was told by his physician to 
reduce weight. He was prescribed a diet and 
was strongly advised to take more exercise. One 
morning while jogging, he heard a sharp snap 
and felt a sudden pain in his right lower calf. 
On examination in the emergency room, the 


physician noted the upper part of the right calf 
was swollen and a gap was apparent between 
the swelling and the right heel. With the patient 
lying on his back the physician gently squeezed 
the upper part of the right calf and noted that 
there was no plantar flexion of the right ankle 
joint. A diagnosis of rupture of the right 
Achilles tendon was made, (a) Describe the lo¬ 
cation of the Achilles tendon, (b) Demonstrate 
to yourself the movement of plantar flexion of 
the ankle joint, (c) Explain why the upper part 
of the right calf was swollen in this patient and 
why there was a gap below the swelling. 

19. A 66-year-old man with a history of diabetes 
mellitus was admitted to the hospital because 
of poor circulation of blood in his left leg. As a 
physician it is important with a patient with 
circulatory problems to periodically check and 
document the color and temperature and the 
quality of the peripheral pulses of both legs. 
Where would you locate the palpable pulses of 
the lower limbs? Name the artery at each site. 

20. A 58-year-old woman with extensive osteoar¬ 
thritis of the right hip joint is about to undergo 
surgery for total hip joint replacement with a 
prosthesis. As the attending physician you have 
the responsibility of fully explaining the func¬ 
tion of the prosthesis. It should be pointed out 
that the artificial joint is of the same type as 
that of the hip. (a) What type of joint is found 
at the hip? Immediately following the opera¬ 
tion the adduction of the patient’s affected leg 
will be maintained with a device to prevent dis¬ 
location of the prosthesis, (b) Demonstrate on 
yourself the movement of adduction of the hip 
joint. Describe it. 

Following the operation the physical thera¬ 
pist will ask the patient to exercise the gluteal 
and quadriceps muscles so that they will not 
atrophy from disuse, (c) Name the three gluteal 
muscles and state their actions, (d) Which 
member of the quadriceps femoris muscle acts 
on the hip joint as well as the knee joint? 



10. The Lower Limb 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, ansu'er: 

(a) If (1) is correct only 

(b) If (2) is correct only 

(c) If BOTH (1) AND (2) ARE correct, and 

(d) If neither (1) nor (2) is correct 

1. Concerning the gluteal region: 

(1) The gluteus maximus muscle covers the is¬ 
chial tuberosity when one assumes the sit¬ 
ting position. 

(2) The upper border of the greater trochanter 
of the femur lies on a line connecting the 
anterior superior iliac spine to the ischial 
tuberosity. 

2. Concerning the sciatic nerve: 

(1) This large nerve originates from the fourth 
and fifth lumbar segments of the spinal 
cord and from the first, second, and third 
sacral segments of the spinal cord. 

(2) In the buttock, the sciatic nerve lies mid¬ 
way between the greater trochanter of the 
femur and the ischial tuberosity. 

3. Concerning the femoral artery: 

(1) In the thigh, the femoral artery lies mid¬ 
way between the anterior superior iliac 
spine and the pubic tubercle. 

(2) The femoral artery occupies the medial 
compartment of the femoral sheath. 

4. Concerning the superficial veins of the lower 
limb: 

(1) The great saphenous vein empties into the 
popliteal vein through an opening in the 
deep fascia. 

(2) The dorsal venous arch of the foot is 
drained on the lateral side by the small sa¬ 
phenous vein, which ascends behind the 
lateral malleolus. 

5. Concerning the dermatomes of the lower limb: 

(1) The dermatome for the lateral surface of 
the little toe is the first sacral segment of 
the spinal cord. 

(2) The dermatome for most of the medial 
surface of the thigh is the third lumbar 
segment of the cord. 

6. Concerning the posterior compartment of the 
thigh: 

(1) The major blood supply is from the per¬ 
forating branches of the profunda femoris 
artery. 
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(2) The nerve supply to the muscles is the tib- 
ial component of the sciatic nerve, except 
for the short head of the biceps femoris, 
which is supplied by the posterior division 
of the obturator nerve. 

7. Concerning the iliotibial tract: 

(1) It receives the insertion of the greater part 
of the gluteus maximus and the entire in¬ 
sertion of the tensor fasciae latae muscles. 

(2) When these muscles contract, the knee 
joint is extended. 

In the following questions, answ er: 

(a) If only (1), (2), and (3) are correct 

(b) If only (1) and (3) are correct 

(c) If only (2) and (4) are correct 

(d) If only (4) is correct, and 

(e) If all are correct 

8. The following nerve(s) innervate(s) at least one 
muscle, which acts on both the hip and the 
knee joints. 

(1) Obturator nerve 

(2) Saphenous nerve 

(3) Common peroneal nerve 

(4) Femoral nerve 

9. In walking, the hip bone of the suspended leg 
is raised by which of the following muscles act¬ 
ing on the supported side of the body? 

(1) Obturator externus 

(2) Gluteus medius 

(3) Gluteus maximus 

(4) Gluteus minimus 

10. Which of the following muscles are flexors of 
the thigh? 

(1) Psoas 

(2) Pectineus 

(3) Rectus femoris 

(4) Vastus lateralis 

11. The following muscles dorsiflex the foot at the 
ankle joint. 

(1) Extensor digitorum brevis 

(2) Tibialis anterior 

(3) Peroneuslongus 

(4) Extensor hallucis longus 

12. The muscles that invert the foot include the: 

(1) Tibialis anterior 

(2) Extensor hallucis longus 
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(3) Tibialis posterior 

(4) Flexor digitorum longus 

13. The movement of eversion of the foot takes 
place mainly in the following joints: 

(1) Ankle joint 

(2) Subtalar joints 

(3) Metatarsophalangeal joint of the little toe 

(4) Calcaneonavicular and calcaneocuboid 
joints 

14. The dorsalis pedis arteiy enters the sole of the 
foot: 

(1) By passing around the medial margin of 
the first metatarsal bone. 

(2) By passing between the third and fourth 
metatarsal bones. 

(3) By passing between the two heads of the 
flexor hallucis brevis muscle. 

(4) By passing between the two heads of the 
first dorsal interosseous muscle. 

15. The following structures contribute to the 
boundaries of the popliteal fossa: 

(1) Semimembranosus muscle 

(2) Plantaris muscle 

(3) Biceps femoris muscle 

(4) Medial head of gastrocnemius muscle 

Multiple choice: 

16. The following structures pass through the 
greater sciatic foramen, except the: 

(a) Superior gluteal artery 

(b) Sciatic nerve 

(c) Obturator interims tendon 

(d) Pudendal nerve 

(e) Inferior gluteal vein 

17. The femoral ring is bounded by the following 
structures, except the: 

(a) Femoral vein 

(b) Lacunar ligament 

(c) Superior ramus of pubis 

(d) Femoral artery 

(e) Inguinal ligament 

18. A femoral hernia descends through the femoral 
canal and the neck of the hernial sac lies: 

(a) At the saphenous opening. 

(b) Above and medial to the pubic tubercle. 

(c) Below and lateral to the pubic tubercle. 

(d) In the obturator canal. 

(e) Lateral to the iliacus muscle. 

19. The following structures pass through the sub- 
sartorial canal, except the: 


(a) Posterior division of the obturator nerve 

(b) Saphenous nerve 

(c) Femoral artery 

(d) Nerve to vastus intermedius 

(e) Femoral vein 

20. The floor of the femoral triangle is formed by 
the following muscles, except the: 

(a) Pectineus 

(b) Adductor longus 

(c) Iliacus 

(d) Psoas 

(e) Adductor brevis 

21. The peroneal artery is a branch of which ar¬ 
tery? 

(a) Anterior tibial artery 

(b) Popliteal artery 

(c) Posterior tibial artery 

(d) Arcuate artery 

(e) Lateral plantar artery 

22. Which of the following muscles does not insert 
into the plantar aspect of the foot? 

(a) Flexor digitorum longus 

(b) Peroneus tertius 

(c) Peroneus longus 

(d) Tibialis posterior 

(e) Flexor hallucis longus 

23. Which of the following muscles does not arise 
from the calcaneum? 

(a) Flexor digitorum brevis 

(b) Extensor digitorum brevis 

(c) Quadratus plantae 

(d) Flexor hallucis brevis 

(e) Abductor hallucis 

24. Which statement is not true of the ankle joint? 

(a) It is strengthened by the deltoid (medial 
collateral ligament). 

(b) It is a hinge joint. 

(c) It is formed by the articulation of the talus 
and the distal ends of the tibia and the fib¬ 
ula. 

(d) It is most stable in the fully plantar flexed 
position. 

(e) It is a synovial joint. 

25. “Unlocking” of the knee joint to permit flexion 
is caused by the action of which muscle? 

(a) Vastus medialis 

(b) Articularis genu 

(c) Gastrocnemius 

(d) Biceps femoris 

(e) Popliteus 
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26. In the adult, the chief arterial supply to the 
head of the femur is from the: 

(a) Superficial circumflex iliac artery 

(b) Obturator artery 

(c) Branches from the medial and lateral cir¬ 
cumflex femoral arteries 

(d) Deep external pudendal artery 

(e) Inferior gluteal artery 


Match the skin area on the left with the appro¬ 
priate lymphatic drainage listed on the right: 

27. Ball of the big toe (a) Vertical group of 

superficial inguinal 
nodes 

(b) Popliteal nodes 

(c) Horizontal group of 
superficial inguinal 
nodes 

(d) Axillary nodes 

(e) None of the above 


28. Medial side of the 
knee joint 

29. Buttock 

30. Calf 


Match the bones on the left with the appropri¬ 
ate arch of the foot listed on the right: 

(a) Medial longitudinal 
arch only 

(b) Medial and lateral 
longitudinal arches 
only 

(c) Transverse arch 
only 

(d) Medial longitudinal 
and transverse 
arches 

(e) Lateral longitudinal 
and transverse 
arches 


35. Calcaneum 

36. Talus 

37. Lateral cuneiform 

38. Base of second 
metatarsal 

39. Cuboid 

40. Sesamoid bones un¬ 
der the head of the 
first metatarsal 
bone 


Match the statement on the left with the appro¬ 
priate ligament on the right: 

31. Hyperextension of (a) Posterior cruciate 


the hip joint is pre¬ 
vented by _. 

32. The _ pre¬ 

vents dislocation of 
the femur back¬ 
ward at the knee 
joint. 

33. The _ limits 

abduction of the ti¬ 
bia at the knee 
joint. 

34. The - is at¬ 

tached to the head 
of the fibula. 


ligament 

(b) Ischiofemoral 
ligament 

(c) Anterior cruciate 
ligament 

(d) Lateral collateral 
ligament of the 
knee joint 

(e) None of the above 







11. The Head and Neck 


The head and neck region of the body is one in 
which a large number of important structures are 
compressed into a relatively small area. It is a very 
interesting region, since it contains the brain, the 
special sense organs, the cranial nerves, and 
branches of the cervical plexus. 


SURFACE ANATOMY_ 

Surface Landmarks of the Head 

Nasion 

This is the depression in the midline at the root of 
the nose (Fig. 11-1). 


Inion 

The inion, or external occipital protuberance, is a 
bony prominence in the middle of the squamous 
part of the occipital bone (Fig. 11-1). It lies in the 
midline at the junction of the head and neck 
and gives attachment to the ligamentum nuchae, 
which is a large ligament that runs down the back 


of the neck, connecting the skull to the spinous pro¬ 
cesses of the cervical vertebrae. A line joining the 
nasion to the inion over the superior aspect of the 
head would indicate the position of the underlying 
falx cerebri, the superior sagittal sinus, and the lon¬ 
gitudinal cerebral fissure, which separates the right 
and left cerebral hemispheres. 


Vertex 

This is the highest point on the skull in the sagittal 
plane (Fig. li-1). 


Anterior Fontanelle 

In the baby, the anterior fontanelle lies between the 
two halves of the frontal bone in front and the two 
parietal bones behind (Fig. 11-1). It is usually not 
palpable after 18 months. 


Posterior Fontanelle 

In the baby, the posterior fontanelle lies between 
the squamous part of the occipital bone and the 
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posterior borders of the two parietal bones (Fig. 11- 
1). It is usually closed by the end of the first year. 


Superciliary Ridges 

These are two prominent ridges on the frontal 
bones above the upper margin of the orbit (Fig. 11- 
1). Deep to these ridges on either side of the mid¬ 
line lie the frontal air sinuses. 


Superior Nuchal Line 

This is a slightly curved ridge that runs laterally 
from the external occipital protuberance to the 
mastoid process of the temporal bone. It gives at¬ 
tachment to the trapezius and sternocleidomastoid 
muscles. 


Mastoid Process of the Temporal Bone 

The mastoid process projects downward and for¬ 
ward from behind the ear (Figs. 11-1 and 11-4). It 
is undeveloped in the newborn child and grows 
only as the result of the pull of the sternocleido¬ 
mastoid, as the child moves his head. It may be 
recognized as a bony projection at the end of the 
second year. 


Auricle and External Auditory Meatus 

These structures lie in front of the mastoid process 
(Fig. 11-53). The external auditory meatus is about 
1 inch (2.5 cm) long and forms an S-shaped curve. 
In order to examine the outer surface of the tym¬ 
panic membrane in the adult with an otoscope, the 
tube may be straightened by pulling the auricle up¬ 
ward and backward. In small children, the auricle 
is pulled straight back or downward and back¬ 
ward. 


Fig. 11-1. (A) Right side of head, showing relations 
of middle meningeal artery and brain to surface of 
skull. (B) Superior aspect and right side of neona¬ 
tal skull. Note positions of anterior and posterior 
fontanelles. 


Tympanic Membrane 

The tympanic membrane is normally pearly gray 
in color and is concave toward the meatus (Fig. 11- 
53). The most depressed part of the concavity is 
called the umbo and is caused by the attachment 
of the handle of the malleus on its medial surface. 


Parietal Eminence 

This structure on the lateral surface of the skull can 
be felt about 2 inches (5 cm) above the auricle. It 
lies close to the lower end of the central cerebral 
sulcus of the brain (Fig. 11-1). 


Zygomatic Arch 

The zygomatic arch extends forward in front of the 
ear and ends in front in the zygomatic bone (Fig. 
11-1). Above the zygomatic arch is the temporal 
fossa, which is filled with the temporalis muscle. 
Attached to the lower margin of the zygomatic 
arch is the masseter muscle. Contraction of both 
the temporalis and masseter muscles (Fig. 11-26) 
may be felt by clenching the teeth. 


Superficial Temporal Artery 

The pulsations of the superficial temporal artery 
may be felt as it crosses the zygomatic arch, im¬ 
mediately in front of the auricle (Fig. 11-1). 


Pterion 

This is the point where the greater wing of the 
sphenoid meets the antero-inferior angle of the 
parietal bone. Lying IV 2 inches (4 cm) above the 
midpoint of the zygomatic arch (Fig. 11-1) it is not 
marked by an eminence or a depression, but it is 
important since beneath it lies the anterior branch 
of the middle meningeal artery. 

Above and behind the external auditory meatus, 
deep to the auricle, may be felt a small depression, 
the suprameatal triangle (Fig. 11-1). This is 
bounded behind by a line drawn vertically upward 
from the posterior margin of the external auditory 
meatus, above by the suprameatal crest of the tem¬ 
poral bone, and below by the external auditory 
meatus. The bony floor of the triangle forms the 
lateral wall of the mastoid antrum. 
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Temporomandibular Joint 

This joint can be easily palpated in front of the au¬ 
ricle (Fig. 11-1). Note that as the mouth is opened, 
the head of the mandible rotates and moves for¬ 
ward below the tubercle of the zygomatic arch. 


Anterior Border of the Ramus 
of the Mandible 

This may be felt deep to the masseter muscle. The 
coronoid process of the mandible may be felt with 
the finger inside the mouth, and the pterygoman¬ 
dibular ligament may be palpated as a tense band 
on its medial side (Fig. 11-29). 


Posterior Border of the Ramus 
of the Mandible 

This is overlapped above by the parotid gland (Fig. 
11-26), but below, it is easily felt through the skin. 
The outer surface of the ramus of the mandible is 
covered by the masseter muscle and can be felt on 
deep palpation when this muscle is relaxed. 


Body of the Mandible 

This is best examined by having one finger inside 
the mouth and another on the outside. Thus it is 
possible to examine the mandible from the sym¬ 
physis mend as far backward as the angle of the 
mandible (Fig. 11-1). 


Facial Artery 

The pulsations of the facial artery may be felt as it 
crosses the lower margin of the body of the man¬ 
dible, at the anterior border of the masseter (Fig. 
11-5). 


Anterior Border of the Masseter 

This may be easily felt by clenching the teeth. 


Parotid Duct 

The parotid duct runs forward from the parotid 
gland 1 fingerbreadth below the zygomatic arch 
(Fig. 11-5). It can be rolled beneath the examining 


finger at the anterior border of the masseter as it 
turns medially and opens into the mouth opposite 
the upper second molar tooth (Fig. 11-57). 


Orbital Margin 

The orbital margin is formed by the frontal, zygo¬ 
matic, and maxillary bones (Fig. 11-48). 


Supraorbital Notch 

If present, this can be felt at the junction of the 
medial and intermediate thirds of the upper mar¬ 
gin of the orbit. It transmits the supraorbital nerve, 
which can be rolled against the bone (Fig. 11-48). 


Infraorbital Foramen 

This lies 5 mm below the lower margin of the orbit 
(Fig. 11-34), on a line drawn downward from the 
supraorbital notch to the interval between the two 
lower premolar teeth. 


Infraorbital Nerve 

The infraorbital nerve emerges from the foramen 
and supplies the skin of the face. 

i 

t 

Maxillary Air Sinus 

This is situated within the maxillary bone and lies 
below the infraorbital foramen on each side (Fig. 1 
11-63). 


Frontal Air Sinus 

This is situated within the frontal bone and lies 
deep to the superciliary ridge on each side (Fig. 11- 
63). ; 


Surface Landmarks of the Neck 

In the midline anteriorly, the following structures f 
may be palpated from above downward. 1 


Symphysis Menti l 

The lower margin of the symphysis menti may be 
felt where the two halves of the body of the man- " 
dible unite in the midline (Figs. 11-2 and 11-3). 
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Fig. 11-2. Anterior view of head and neck of a 29- 
year-old female. Note that the atlanto-occipital 
joints and the cervical part of the vertebral column 
are partially extended for full exposure of the front 
of the neck. 

Upper Border of the Thyroid Cartilage 

This notched structure lies opposite the fourth 
cervical vertebra (Figs. 11-2 and 11-44). 

Submental Triangle 

Cricothyroid Ligament 

The submental triangle lies between the symphysis 
menti and the body of the hyoid bone (Fig. 11-10). 

It is bounded anteriorly by the midline of the neck, 
laterally by the anterior belly of the digastric mus¬ 
cle, and inferiorly by the body of the hyoid bone. 
The floor is formed by the mylohyoid muscle. The 
submental lymph nodes are located in this triangle. 

Body of the Hyoid Bone 

This lies opposite the third cervical vertebra (Fig. 
11-44). 

This structure fills in the interval between the cri¬ 
coid cartilage and the thyroid cartilage (Fig. 11-3). 

Cricoid Cartilage 

An important landmark in the neck (Fig. 11-2), 
this lies at the level of the sixth cervical vertebra; at 
the junction of the larynx with the trachea; at the 
level of the junction of the pharynx with the esoph¬ 
agus; at the level of the middle cervical sympa¬ 
thetic ganglion; and at the level where the inferior 
thyroid artery enters the thyroid gland (Fig. 11-44). 

Thyrohyoid Membrane 

Cricotracheal Ligament 

The thyrohyoid membrane fills in the interval be¬ 
tween the hyoid bone and the thyroid cartilage 
(Fig. 11-3). 

This structure fills in the interval between the cri¬ 
coid cartilage and the first ring of the trachea (Fig. 
11-64). 
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Fig. 11-3. Surface anatomy of neck from front. 
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First Ring of the Trachea 

This can be felt by gentle palpation just above the 
isthmus of the thyroid gland. 


Isthmus of the Thyroid Gland 

This lies in front of the second, third, and fourth 
rings of the trachea (Figs. 11-2 and 11-3). 


Inferior Thyroid Veins 

The inferior thyroid veins lie in front of the fifth, 
sixth, and seventh rings of the trachea (Fig. 11-17). 


Thvroidea Ima Artery 

When present, this artery ascends in front of the 
trachea to the isthmus of the thyroid gland, from 
the brachiocephalic artery (Fig. 11-17). 


Jugular Arch 

This vein connects the two anterior jugular veins 
just above the suprasternal notch (Fig. 11-44). 


Suprasternal Notch 

This can be felt between the anterior ends of the 
clavicles (Fig. 11-2). It is the superior border of the 
manubrium sterni and lies opposite the lower bor¬ 
der of the body of the second thoracic vertebra. 

It should be remembered that in the adult the 
trachea may measure as much as 1 inch (2.5 cm) 
in diameter, whereas in a baby it may be narrower 
than a pencil. It should also be remembered that 
in young children the thymus gland may extend 
above the suprasternal notch as far as the isthmus 
of the thyroid gland, and the brachiocephalic ar¬ 
tery and the left brachiocephalic vein may protrude 
above the suprasternal notch. 

In the midline posteriorly, the following struc¬ 
tures can be palpated from above downward. 


External Occipital Protuberance 

The external occipital protuberance lies in the mid¬ 
line at the junction of the head and neck (Fig. 11- 
5). If the index finger is placed on the skin in the 
midline, it can be drawn downward in the nuchal 


groove. The first spinous process to be felt is that of 
the seventh cervical vertebra (vertebra prominens). 
Cervical spines 1-6 are covered by the ligcimentum 
nuchae. 


Sternocleidomastoid Muscle 

On the side of the neck, the sternocleidomastoid 
can be palpated throughout its length as it passes 
upward from the sternum and clavicle to the mas¬ 
toid process (Figs. 11-4 and 11-5). The muscle can 
be made to stand out by asking the patient to ap¬ 
proximate his ear to the.shoulder of the same side 
and at the same time rotate his head so that his 
face looks upward toward the opposite side. If the 
movement is carried out against resistance, the 
muscle will be felt to contract, and its anterior and 
posterior borders will be defined. 

The sternocleidomastoid serves to divide the 
neck into anterior and posterior triangles. The an¬ 
terior triangle of the neck is bounded by the body 
of the mandible, the sternocleidomastoid, and the 
midline (Figs. 11-9 and 11-10). The posterior tri¬ 
angle is bounded by the anterior border of the tra¬ 
pezius, the sternocleidomastoid, and the clavicle 
(Figs. 11-9 and 11-10). 


Trapezius Muscle 

The anterior border of the trapezius muscle (Fig. 
11-2) may be felt by asking the patient to shrug his 
shoulders. It will be seen to extend from the supe¬ 
rior nuchal line of the occipital bone, downward 
and foiward to the posterior border of the lateral 
third of the clavicle. 


Platysma Muscle 

The platysma can be seen as a sheet of muscle by 
asking the patient to clench the jaws firmly. The 
muscle extends from the body of the mandible 
downward over the clavicle onto the anterior tho¬ 
racic wall (Fig. 11-25). 


Root of the Neck 

Here are the suprasternal notch in the midline an¬ 
teriorly (see above) and the clavicles. Each clavicle 
is subcutaneous throughout its entire length and 
can be easily palpated (Figs. 11-5 and 11-9). It ar- 
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Fig. 11-4. Anterior view of neck of a 27-year-old 
male. Note that the head has been laterally rotated 
to the left at the atlanto-axial joints and at the joints 
of the cervical part of the vertebral column. 


ticulates at its lateral extremity with the acromion 
process of the scapula. At the medial end of the 
clavicle, the sternoclavicular joint can be identified. 


Anterior Triangle of the Neck 

The isthmus of the thyroid gland lies in front of the 
second, third, and fourth rings of the trachea (Figs. 
11-2 and 11-3). The lateral lobes of the thyroid 
gland may be palpated deep to the sternocleido¬ 
mastoid muscles. This is most easily carried out by 
standing behind the seated patient and asking the 
patient to flex the neck forward and so relax the 
overlying muscles. The observer can then examine 
both lobes simultaneously with the tips of the fin¬ 
gers of both hands. 


Carotid Sheath 

The carotid sheath, which contains the carotid ar¬ 
teries , the internal jugular vein , the vagus nerve , and 
the deep cervical lymph nodes , can be marked out 
by a line joining the sternoclavicular joint to a point 
midway between the tip of the mastoid process 
and the angle of the mandible. At the level of the 
upper border of the thyroid cartilage, the common 
carotid artery bifurcates into the internal and ex¬ 
ternal carotid arteries (Fig. 11-5). The pulsations of 
these arteries can be felt at this level. 


Posterior Triangle of the Neck 

Here the spinal part of the accessory nerve is rela¬ 
tively superficial as it emerges from the posterior 
border of the sternocleidomastoid and runs down¬ 
ward and backward to pass beneath the anterior 
border of the trapezius (Fig. 11-5). The course of 
this nerve may be indicated as follows: Draw a line 
from the angle of the mandible to the tip of the 
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Fig. 11-5. Surface anatomy of neck from lateral as- 
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mastoid process. Bisect this line at right angles and 
extend the second line downward across the pos¬ 
terior triangle; the second line indicates the course 
of the nerve. 


Roots and Trunks of the Brachial Plexus 

These occupy the lower anterior angle of the pos¬ 
terior triangle (Figs. 11-4 and 11-5). The upper 
limit of the plexus may be indicated by a line 
drawn from the cricoid cartilage downward to the 
middle of the clavicle. 


Third Part of the Subclavian Artery 

This structure also occupies the lower anterior an¬ 
gle of the posterior triangle (Figs. 11-4 and 11-5). 
Its course may be indicated by a curved line, which 
passes upward from the sternoclavicular joint for 
about V 2 inch (1.3 cm) and then downward to the 
middle of the clavicle. It is here, where the artery 
lies on the upper surface of the first rib, that its 
pulsations can be felt easily. The subclavian vein 
lies behind the clavicle and does not enter the neck. 


External Jugular Vein 

The external jugular vein lies in the superficial fas¬ 
cia deep to the platysma. It passes downward from 
the region of the angle of the mandible to the mid¬ 
dle of the clavicle (Figs. 11-4 and 11-5). It perfo¬ 
rates the deep fascia just above the clavicle and 
drains into the subclavian vein. 


Salivary Glands 

The three large salivary glands can be palpated. 
The parotid gland lies below the ear in the interval 
between the mandible and the anterior border of 
the sternocleidomastoid muscle (Fig. 11-46). The 
surface marking of the parotid duct is given on 
page 702. 

The submandibular gland may be divided into 
superficial and deep parts. The superficial part lies 
beneath the lower margin of the body of the man¬ 
dible (Fig. 11-33). The deep part of the subman¬ 
dibular gland, the submandibular duct, and the 
sublingual gland maybe palpated through the mu¬ 
cous membrane covering the floor of the mouth in 
the interval between the tongue and the lower jaw. 


The submandibular duct opens into the mouth on 
the side of the frenulum of the tongue (Fig. 11-57). 


THE NECK_ 

The neck may be defined as the region of the body 
that lies between the lower margin of the mandible 
and the superior nuchal line of the occipital bone 
above and the suprasternal notch and the upper 
border of the clavicle below. 


SKIN 

The natural lines of cleavage of the skin are con¬ 
stant and run almost horizontally around the neck. 
This is important clinically, since an incision along 
a cleavage line will heal as a narrow scar, whereas 
one that crosses the lines will heal as a wide or 
heaped-up scar. (For details, see p. 5.) 


NERVE SUPPLY 

The skin overhang the trapezius muscle on the 
back of the neck, and that of the back of the scalp 
as high as the vertex, is supplied segmentally by 
posterior rami of cervical nerves 2—5 (Fig. 11-6). 
The greater occipital nerve is a branch of the pos¬ 
terior ramus of the second cervical nerve. The skin 
of the back below the neck is supplied by posterior 
rami of thoracic nerves. The first cervical nerve has 
no cutaneous branch, and the cutaneous branches 
of the fifth, sixth, seventh, and eighth cervical 
nerves are distributed to the skin of the upper limb. 

The skin of the front and sides of the neck is sup¬ 
plied by anterior rami of cervical nerves 2-4 
through branches of the cervical plexus. The 
branches emerge from beneath the posterior bor¬ 
der of the sternocleidomastoid muscle (Fig. 11-6). 

The lesser occipital nerve (C2) hooks around the 
accessory nerve and ascends along the posterior 
border of the sternocleidomastoid muscle, to sup¬ 
ply the skin over the lateral part of the occipital 
region and the medial surface of the auricle (Fig. 
11 - 6 ). 

The great auricular nerve (C2 and 3) ascends 
across the sternocleidomastoid muscle in company 
with the external jugular vein. On reaching the pa¬ 
rotid gland it divides into branches that supply the 
skin over the angle of the mandible, the parotid 
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Fig. 11-6. Sensory nerve supply to skin of head and 
neck. Note that the skin over the angle of the jaw is 
supplied by the great auricular nerve (C2 and 3) 
and not by branches of the trigeminal nerve. 
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gland, and the mastoid process and on both sur¬ 
faces of the auricle (Fig. 11-6). 

The transverse cutaneous nerve (C2 and 3) 
emerges from behind the middle of the posterior 
border of the sternocleidomastoid muscle. It passes 
forward across that muscle deep to the platysma 
and divides into upper and lower branches, which 
supply the skin on the anterior and lateral surfaces 
of the neck, from the body of the mandible to the 
sternum (Fig. 11-6). 

The supraclavicular nerves (C3 and 4), having 
emerged from beneath the posterior border of the 
sternocleidomastoid muscle, descend across the 
posterior triangle of the neck and pass onto the an¬ 
terior thoracic wall and shoulder region, down to 
the level of the second rib (Fig. 11-6). The medial 
supraclavicular nerve crosses the medial end of the 
clavicle and supplies the skin as far as the me- 
ian plane. The intermediate supraclavicular nerve 
crosses the middle of the clavicle and supplies the 
skin of the chest wall. The lateral supraclavicular 
nerve crosses the lateral end of the clavicle and sup¬ 
plies the skin over the shoulder and the upper half 
of the deltoid muscle; this nerve also supplies the 
posterior aspect of the shoulder as far down as the 
spine of the scapula. 


SUPERFICIAL FASCIA 

The superficial fascia of the neck forms a thin layer 
that encloses the platysma muscle. Also embedded 
in it are the cutaneous nerves referred to above, the 
superficial veins, and the superficial lymph nodes. 


PLATYSMA (FIG. 11-25) 

Origin 

From the deep fascia that covers the upper part of 
the pectoralis major and deltoid muscles. 


Insertion 

It passes upward into the neck as a thin muscular 
sheet embedded in the superficial fascia. It is in¬ 
serted into the lower margin of the body of the 
mandible; some of the posterior fibers enter the 
face and blend with the muscle at the angle of the 
mouth. Below the chin, some of the anterior fibers 
interlace with the muscle fibers of the opposite 
side. 


Nerve Supply 

Cervical branch of the facial nerve. 


Action 

It depresses the mandible and also draws down the 
lower lip and the angle of the mouth. 


SUPERFICIAL VEINS 

The external jugular vein begins just behind the an¬ 
gle of the mandible by the union of the posterior 
auricular vein with the posterior division of the 
retromandibular vein (Fig. 11-7). It descends ob¬ 
liquely across the sternocleidomastoid muscle and, 
just above the clavicle in the posterior triangle, 
pierces the deep fascia and drains into the subcla¬ 
vian vein (Fig. 11-16). It varies considerably in size, 
and its course extends from the angle of the man¬ 
dible to the middle of the clavicle. 


Tributaries 

The external jugular vein has the following tribu¬ 
taries: 

1. Posterior auricular vein. 

2. Posterior division of the retromandibular vein. 

3. Posterior external jugular vein. This is a small 
vein that drains the posterior part of the scalp 
and neck. It joins the external jugular vein about 
halfway along its course. 

4. Transverse cervical vein. 

5. Suprascapular vein. 

6. Anterior jugular vein. 

The anterior jugular vein begins just below the 
chin, by the union of several small veins (Fig. 11- 
7). It runs down the neck close to the midline. Just 
above the suprasternal notch, the veins of the two 
sides are united by a transverse trunk, called the 
jugular arch. The vein then turns sharply laterally 
and passes deep to the sternocleidomastoid muscle 
to drain into the external jugular vein. 


SUPERFICIAL LYMPH NODES_ 

The superficial cervical lymph nodes lie along the 
external jugular vein superficial to the sternoclei¬ 
domastoid muscle (Fig. 11-19). They receive lym- 
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Fig. 11-7. Major superficial veins of face and neck. 


phatic vessels from the occipital and mastoid 
lymph nodes (see p. 742) and drain into the deep 
cervical lymph nodes. 


DEEP CERVICAL FASCIA 

The deep cervical fascia consists of areolar tissue 
that supports the muscles, vessels, and viscera of 
the neck (Fig. 11-8). In certain areas it is condensed 
to form well-defined fibrous sheets called the in¬ 
vesting layer, the pretracheal layer, and the prever- 
tebral layer. It is also condensed around the carotid 
vessels to form the carotid sheath. 

The investing layer of deep cervical fascia com¬ 
pletely encircles the neck, splitting to enclose the 
sternocleidomastoid and trapezius muscles; it is at¬ 


tached posteriorly to the ligamentum nuchae (Fig. 
11-8). It roofs over the anterior and posterior tri¬ 
angles of the neck. 

Superiorly, the fascia is attached in front to the 
hyoid bone, and above this, it splits to enclose the 
submandibular salivary gland and is attached to 
the lower border of the mandible. There it splits to 
enclose the parotid gland, which it provides with a 
strong sheath (Fig. 11-26). Above the parotid it is 
attached to the zygomatic arch and the base of the 
skull. Behind the ear the fascia is attached to the 
mastoid process, the superior nuchal line of the oc¬ 
cipital bone, and the external occipital protuber¬ 
ance. Between the angle of the mandible and the 
styloid process of the temporal bone, the fascial 
layer is thickened to form the stylomandibular lig¬ 
ament (Fig. 11-30). 
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Fig. 11-8. Cross section of neck at the level of the 
sixth cervical vertebra. 


Inferiority, the fascial layer is attached to the ac¬ 
romion, the clavicle, and the manubrium sterni. 
Over the lower part of the anterior triangle, the in¬ 
vesting fascia splits into two layers, which are at¬ 
tached to the anterior and posterior margins of the 
upper border of the manubrium. Between these 
two layers is a slitlike space, called the suprasternal 
space (Fig. 11-44). It contains the jugular arch, con¬ 
nective tissue, and sometimes a lymph node. 


Over the lower part of the posterior triangle, the 
investing layer also splits into two layers, which are 
attached to the anterior and posterior borders of 
the clavicle. The deeper layer encloses the inferior 
belly of the omohyoid muscle (Fig. 11-10) and 
binds it down to the clavicle. 

The thin pretracheal layer of deep cervical fascia 
is attached above to the thyroid and cricoid carti¬ 
lages. Below, it extends into the thorax and blends 
with the fibrous pericardium. Laterally, it blends 
with the carotid sheath (see below) and with the 








































The Neck 713 


investing layer of deep cervical fascia beneath the 
sternocleidomastoid muscle (Fig. 11-8). It com¬ 
pletely surrounds the thyroid gland, forming a 
sheath for it, and binds the gland to the larynx (Fig. 
11-17). It encloses the parathyroid glands and in¬ 
vests the infrahyoid muscles. 

The prevertebral layer of deep cervical fascia cov¬ 
ers the prevertebral muscles, namely, the longus 
capitis and longus cervicis (Fig. 11-8). It passes 
around the neck to be attached to the ligamentum 
nuchae. In the posterior triangle, it forms the fas¬ 
cial floor and here covers the scalenus anterior, the 
scalenus medius, the levator scapulae, the splenius 
capitis, and the semispinalis capitis. Superiorly, it 
is attached to the base of the skull; inferiorly, it en¬ 
ters the thorax and blends with the anterior longi¬ 
tudinal ligament of the vertebral column. The in¬ 
terval between the pharynx and the prevertebral 
fascia is called the retropharyngeal space. 

As the subclavian artery and the brachial plexus 
emerge in the interval between the scalenus ante¬ 
rior and the scalenus medius muscles, they carry 
with them a sheath of the fascia, which extends 
into the axilla and is called the axillary sheath. 

All the anterior rami of the cervical nerves that 
emerge in the interval between the scalenus ante¬ 
rior and scalenus medius lie at first deep to the 
prevertebral fascia. The phrenic nerve, the dorsal 
scapular nerve, and the nerve to the serratus ante¬ 
rior are bound down to the underlying muscles by 
this fascia. The spinal part of the accessory nerve 
lies superficial to the fascia. 

The carotid sheath is a condensation of deep fas¬ 
cia, in which are embedded the common and in¬ 
ternal carotid arteries, the internal jugular vein, 
and the vagus nerve (Fig. 11-8). The deep cervical 
group of lymph nodes form a chain along the in¬ 
ternal jugular vein and are also embedded in the 
carotid sheath. The carotid sheath blends in front 
with the pretracheal and investing layers of deep 
fascia, and behind, with the prevertebral layer of 
deep fascia. 


The Triangles of the Neck_ 

For purposes of description, the neck is divided into 
anterior and posterior triangles by the sternoclei¬ 
domastoid muscle; the anterior triangle lies in 
front of the muscle and the posterior triangle lies 
behind it (Figs. 11-9 and 11-10). 


STERNOCLEIDOMASTOID (Fig. 11-11) 

Origin 

By a rounded tendon from the front of the upper 
part of the manubrium sterni and by a muscular 
head from the medial third of the upper surface of 
the clavicle. 


Insertion 

The two heads join one another, and the muscle is 
inserted into the mastoid process of the temporal 
bone and the lateral part of the superior nuchal 
line of the occipital bone. 


Nerve Supply 

Spinal part of accessory nerve and the anterior 
rami of the second and third cervical nerves. The 
spinal part of the accessory nerve pierces the deep 
surface of the muscle and emerges from its poste¬ 
rior border. The cervical nerves are believed to be 
sensory (proprioceptive). 


Action 

Both muscles acting together extend the head at the 
atlanto-occipital joint and flex the cervical part of 
the vertebral column. The contraction of one mus¬ 
cle pulls the ear down to the tip of the shoulder on 
the same side and rotates the head so that the face 
looks upward to the opposite side (i.e., it pulls the 
mastoid process of the same side down toward the 
sternum). 

If the head is fixed by contracting the pre- and 
postvertebral muscles, the two sternocleidomas¬ 
toid muscles can act as accessory muscles of inspi¬ 
ration. 


Posterior Triangle of the Neck 

The posterior triangle of the neck is bounded an¬ 
teriorly by the posterior border of the sternoclei¬ 
domastoid, posteriorly by the anterior border of the 
trapezius, and inferiorly by the middle third of the 
clavicle (Figs. 11-9,11-10, and 11-11). The triangle 
is covered by skin, superficial fascia, platysma, and 
the investing layer of deep fascia. Running across 
the triangle in this covering are the supraclavicular 
nerves. 
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Fig. 11-9. Anterior view of neck of a 29-year-old fe¬ 
male. Important surface landmarks are shown, 
and the boundaries of the anterior and posterior 
triangles are outlined. 

The muscular floor of the triangle is covered by 
the prevertebral layer of deep fascia. It is formed 
from above downward by the semispinalis capitis, 
splenius capitis, levator scapulae, and scalenus 
medius. A small part of the scalenus anterior may 
be present, but it is usually overlapped and hidden 
by the sternocleidomastoid muscle. 

The inferior belly of the omohyoid subdivides the 
posterior triangle into a large occipital triangle 
above and a small supraclavicular triangle below. 


OMOHYOID (FIG. 11-11) _ 

Origin and Insertion 

This muscle has an inferior belly, an intermediate 
tendon, and a superior belly. The inferior belly 
arises from the upper margin of the scapula and 
the suprascapular ligament. The inferior belly is a 


narrow, flat muscle, which passes upward and for¬ 
ward across the lower part of the posterior triangle 
of the neck. It passes deep to the sternocleidomas¬ 
toid muscle and ends in the intermediate tendon. 
The intermediate tendon is held in position by a 
loop of deep fascia, which slings the tendon to the 
clavicle and the first rib. The superior belly ascends 
almost vertically in the anterior triangle of the neck 
and is inserted into the lower border of the body of 
the hyoid bone. 


Nerve Supply 

Ansa cervicalis (Cl, 2, and 3). 


Action 

Depresses the hyoid bone. 


OCCIPITAL TRIANGLE 

The occipital triangle lies below the occipital bone 
of the skull (Fig. 11-10). It is bounded anteriorly by 
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Fig. 11-10. Muscular triangles of neck. 
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Fig. 11-11. Posterior triangle of neck. 
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the posterior border of the sternocleidomastoid, 
posteriorly by the anterior border of the trapezius, 
and inferiorly by the inferior belly of the omohyoid. 


SUPRACLAVICULAR TRIANGLE_ 

The supraclavicular triangle lies above the middle 
third of the clavicle (Fig. 11-10). It is bounded an¬ 
teriorly by the posterior border of the sternoclei¬ 
domastoid, superiorly by the inferior belly of the 
omohyoid, and inferiorly by the clavicle. 


CONTENTS OF THE 
POSTERIOR TRIANGLE 

Arteries 

Subclavian artery (third part), superficial cervical 
artery, suprascapular artery, occipital artery. 


Veins 

External jugular vein and its tributaries; subclavian 
vein (occasionally). 


Nerves 

Brachial plexus, spinal part of accessory nerve, 
branches of cervical plexus. 


THIRD PART OF THE 
SUBCLAVIAN ARTERY 

The subclavian artery, for purposes of description, 
is divided into three parts by the scalenus anterior 
muscle, which crosses the artery anteriorly (Fig. 
11-18). The first part of the artery extends from its 
origin (see p. 740) to the medial border of the sca¬ 
lenus anterior. The second part lies posterior to this 
muscle, and the third part extends from the lateral 
border of the scalenus anterior to the outer border 
of the first rib; here, the subclavian artery becomes 
the axillary artery. 

The third part of the subclavian artery enters the 
antero-inferior angle of the posterior triangle (Fig. 
11-11) and disappears behind the middle of the 
clavicle. Together with the brachial plexus of 
nerves, it carries with it a sheath of fascia, the ax¬ 
illary slwath, derived from the prevertebral layer of 
deep cervical fascia. 


Branches 

The third part of the subclavian artery usually has 
no branches.* 


Relations 

Anteriorly 

The skin, superficial fascia, platysma, supraclavi¬ 
cular nerves, investing layer of deep cervical fascia, 
external jugular vein and its tributaries (the trans¬ 
verse cervical, suprascapular, and anterior jugular 
veins), suprascapular artery, and clavicle. The 
nerve to the subclavius crosses the artery. 

At first, the artery is covered by the sternoclei¬ 
domastoid muscle. In the intermediate part of its 
course, it is comparatively superficial, and its pul¬ 
sations can easily be felt. The terminal part of the 
artery descends behind the clavicle and the sub¬ 
clavius muscle (Fig. 11-11). The subclavian vein 
lies below and in front of the artery. 


Posteriorly 

The lower trunk of the brachial plexus and the sca¬ 
lenus medius (Fig. 11-11). 


Superiorly 

The upper and middle trunks of the brachial 
plexus. 


Inferiorly 

The upper surface of the first rib (Fig. 11-18). 


SUPERFICIAL CERVICAL ARTERY 

The superficial cervical artery is a branch of the 
thyrocervical trunk, which is a branch of the first 
part of the subclavian arteiy (Figs. 11-11 and 11- 
18). It runs across the lower part of the posterior 
triangle in front of the trunks of the brachial plexus 
and disappears deep to the trapezius muscle. 


’"Occasionally the superficial cervical or the suprascapular ar- 
terv, or both, arise from the third part of the subclavian ar¬ 
tery. 
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SUPRASCAPULAR ARTERY_ 

The suprascapular artery is also a branch of the 
thyrocervical trunk (Fig. 11-18). It runs across the 
lower part of the posterior triangle, inferior to the 
superficial cervical artery. It passes in front of the 
third part of the subclavian artery and the trunks 
of the brachial plexus (Fig. 11-11). It then follows 
the suprascapular nerve into the supraspinous 
fossa and takes part in the arterial anastomosis 
around the scapula. 


OCCIPITAL ARTERY 

The occipital artery is a branch of the external ca¬ 
rotid artery (Fig. 11-15). It enters the posterior tri¬ 
angle at its superior angle, appearing between the 
sternocleidomastoid and the trapezius muscles 
(Fig. 11-11). The artery then ascends in a tortuous 
course over the back of the scalp, accompanied by 
the greater occipital nerve. 


EXTERNAL JUGULAR VEIN 

The external jugular vein is an important superfi¬ 
cial vein in the neck and is described fully on page 
710. 


SUBCLAVIAN VEIN 

The subclavian vein lies below and in front of the 
third part of the subclavian artery (Fig. 11-18), be¬ 
hind the clavicle; it does not usually enter the pos¬ 
terior triangle of the neck. Occasionally, however, 
it bulges upward above the clavicle. It lies on the 
upper surface of the first rib in front of the subcla¬ 
vian artery and is a continuation of the axillary 
vein. 


BRACHIAL PLEXUS _ 

The brachial plexus is formed from the anterior 
rami of the fifth, sixth, seventh, and eighth cervical 
nerves and from the first thoracic nerve (Fig. Il¬ 
ls). It lies in the anteroinferior angle of the poste¬ 
rior triangle (Fig. 11-11). For purposes of descrip¬ 
tion, the plexus may be divided into the roots, the 


trunks, the divisions, and the cords. (See Fig. 9-22). 

The roots of the brachial plexus enter the poste¬ 
rior triangle of the neck by emerging through the 
interval between the scalenus anterior and scalenus 
medius muscles (Fig. 11-18). Together with the 
subclavian artery, the plexus acquires a sheath, the 
axillary sheath, which is derived from the prever- 
tebral layer of deep cervical fascia. 

The trunks of the brachial plexus are formed as 
follows: The fifth and sixth cervical roots quickly 
unite to form the upper trunk of the plexus. The 
seventh cervical root continues as the middle trunk 
of the plexus. The eighth cervical and first thoracic 
roots unite to form the lower trunk of the plexus, 
which comes to lie behind the third part of the sub¬ 
clavian artery (Fig. 11-11). 

The divisions of the brachial plexus are formed 
by each trunk’s dividing into anterior and posterior 
branches (Fig. 11-12). This takes place in the su¬ 
praclavicular triangle. 

The cords of the brachial plexus are formed as 
follows: The lateral cord is formed by the union of 
the anterior divisions of the upper and middle 
trunks (Fig. 11-12). The posterior cord is formed by 
the union of the posterior divisions of the upper, 
middle, and lower trunks. The medial cord is 
formed from the anterior division of the lower 
trunk. 

The cords of the plexus leave the posterior tri¬ 
angle by descending behind the clavicle and enter¬ 
ing the axilla. The arrangement and branches of 
the brachial plexus in the axilla are described on 
page 428. 


Branches of the Brachial Plexus in the 
Posterior Triangle of the Neck 

Branches from the Roots 

The dorsal scapular nerve arises from the fifth 
cervical root (Fig. 11-11). It pierces the scalenus 
medius and supplies the levator scapulae and the 
rhomboid muscles. 

The long thoracic nerve arises from the fifth, 
sixth, and seventh cervical roots (Fig. 11-12). After 
its fibers of origin join, the nerve descends behind 
the brachial plexus and the subclavian vessels and 
crosses the outer border of the first rib, to enter the 
axilla. It supplies the serratus anterior muscle. 
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Branches from the Trunks 

The suprascapular nerve arises from the upper 
trunk of the brachial plexus (Fig. 11-11). It passes 
laterally and downward, accompanied by the su¬ 
prascapular vessels. It enters the supraspinous 
fossa of the scapula through the suprascapular 
notch. It supplies the supraspinatus and infraspi¬ 
natus muscles. 

The nerve to the subclavius arises from the upper 
trunk of the brachial plexus (Fig. 11-11). It passes 
downward in front of the brachial plexus and the 
third part of the subclavian artery. It leaves the 
posterior triangle by descending behind the clavicle 


and in front of the subclavian vein, to supply the 
subclavius muscle. The importance of this nerve 
clinically is that it may contain accessory phrenic 
fibers, which join the phrenic nerve in the superior 
mediastinum. (See p. 120.) 


ACCESSORY NERVE (SPINAL PART) 

The spinal part of the accessory nerve enters the 
posterior triangle by emerging from beneath the 
posterior border of the sternocleidomastoid muscle 
(Fig. 11-11). It runs downward and laterally across 
the posterior triangle on the levator scapulae mus¬ 
cle, but is separated from the muscle by the pre- 
vertebral layer of deep cervical fascia. It is accom- 
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panied bv branches of' the anterior rami of the 
third and fourth cervical nerves and is related to 
the superficial cervical lymph nodes. It leaves the 
triangle by passing deep to the anterior border of 
the trapezius muscle, which it supplies. 


BRANCHES OF THE CERVICAL PLEXUS 

The lesser occipital, the great auricular, the trans¬ 
verse cutaneous, and the supraclavicular nerves are 
described on page 708. The proprioceptive nerves 
to the trapezius muscle from the anterior rami of 
the third and fourth cervical nerves accompany the 
spinal part of the accessory nerve across the pos¬ 
terior triangle to the muscle (Fig. 11-11). 


Anterior Triangle of the Neck 

The anterior triangle of the neck is bounded ante¬ 
riorly by the midline of the neck, posteriorly by the 
anterior border of the sternocleidomastoid, and su¬ 
periorly by the lower margin of the body of the 
mandible (Figs. 11-9 and 11-13). The triangle is 
covered by skin, superficial fascia, platysma, and 
the investing layer of deep fascia. Running across 
the triangle in this covering are the cervical branch 
of the facial nerve and the transverse cutaneous 
nerve. 

The anterior triangle may be subdivided into 
smaller triangles by the anterior and posterior bel¬ 
lies of the digastric muscle and the superior belly 
of the omohyoid muscle. These triangles are called 
the submental, the digastric (or submandibular), 
the carotid, and the muscular triangles (Fig. 11- 
10 ). 


DIGASTRIC MUSCLE (FIG. 11-13) 

Origin and Insertion 

This muscle has a posterior belly, an intermediate 
tendon, and an anterior belly. The posterior belly 
arises from the medial surface of the mastoid pro¬ 
cess of the temporal bone, passes downward and 
forward across the carotid sheath, and ends in 
the intermediate tendon. The intermediate tendon 
pierces the stylohyoid insertion and is held in po¬ 
sition by a loop of deep fascia, which binds the ten¬ 
don down to the junction of the body and greater 
cornu of the hyoid bone. The anterior belly runs 


forward and medially and is attached to the lower 
border of the body of the mandible, near the me¬ 
dian plane. 


Nerve Supply 

The posterior belly is supplied by the facial nerve, 
and the anterior belly by the nerve to the mylo¬ 
hyoid, which is a branch of the mandibular divi¬ 
sion of the trigeminal nerve. 


Action 

Depresses the mandible or elevates the hyoid bone. 


STYLOHYOID MUSCLE (FIGS. 11-13 
and 11-14) 

Origin 

From the posterior surface of the styloid process of 
the temporal bone. 


Insertion 

The muscle passes downward and forward along 
the upper border of the posterior belly of the di¬ 
gastric muscle and is inserted into the junction of 
the body with the greater cornu of the hyoid bone. 
It is pierced near its insertion by the intermediate 
tendon of the digastric muscle. 


Nerve Supply 

Facial nerve. 


Action 

Elevates the hyoid bone. 


SUBMENTAL TRIANGLE 

The submental triangle lies below the chin and is 
bounded anteriorly by the midline of the neck, lat¬ 
erally by the anterior belly of the digastric, and in- 
feriorlv by the body of the hyoid bone. The floor of 
the triangle is formed by the mylohyoid muscle. It 
contains the submental lymph nodes and the be¬ 
ginning of the anterior jugular vein. 
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Fig. 11-13. Anterior triangle of neck. 
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DIGASTRIC TRIANGLE 

The digastric triangle lies below the body of the 
mandible (Fig. 11-10). It is bounded anteriorly by 
the anterior belly of the digastric and posteriorly by 
the posterior belly of the digastric and the stylo¬ 
hyoid muscles. It is bounded above by the lower 
border of the body of the mandible. The floor of 
the triangle is formed by the mylohyoid and hyo- 
glossus muscles and the superior constrictor mus¬ 
cle of the pharynx. 

The anterior part of the triangle contains the 
submandibular salivary gland (Fig. 11-3), with the 
facial artery deep to it, and the facial vein and sub¬ 
mandibular lymph nodes superficial to it. The hy¬ 
poglossal nerve runs on the hyoglossus muscle deep 
to the gland (Fig. 11-13)', the nerve and vessels to 
the mylohyoid muscle run on the inferior surface 
of this muscle (Fig. 11-27). 

In the posterior part of the triangle lies the ca¬ 
rotid sheath, with the carotid arteries, internal jug¬ 
ular vein, and vagus nerve (Figs. 11-8 and 11-13). 
The stylopharyngeus muscle and the glossophar¬ 
yngeal nerve are deeply placed here (Fig. 11-28). 
The lower part of the parotid gland projects into 
the triangle. 


CAROTID TRIANGLE 

The carotid triangle lies behind the hyoid bone. It 
is bounded superiorly by the posterior belly of the 
digastric, inferiorly by the superior belly of the 
omohyoid, and posteriorly by the anterior border 
of the sternocleidomastoid muscle (Fig. 11-10). Its 
floor is formed by portions of the thyrohyoid, hyo¬ 
glossus, and middle and inferior constrictor mus¬ 
cles of the pharynx. 

The triangle contains the carotid sheath, with 
the common carotid artery dividing within the tri¬ 
angle into internal and external carotid arteries; 
numerous branches of the external carotid artery; 
the internal jugular vein and its tributaries; the hy¬ 
poglossal nerve with its descending branch; the in¬ 
ternal and external laryngeal nerves; the accessory 
and vagus nerves; and part of the chain of deep 
cervical lymph nodes (Fig. 11-13). 

The internal jugular vein tends to be overlapped 
by the anterior border of the sternocleidomastoid 
muscle and is therefore hidden from view. 


MUSCULAR TRIANGLE 

The muscular triangle lies below the hyoid bone. It 
is bounded anteriorly by the midline of the neck, 
superiorly by the superior belly of the omohyoid, 
and inferiorly by the anterior border of the sterno¬ 
cleidomastoid muscle (Fig. 11-10). Its floor is 
formed by the sternohyoid and sternothyroid mus¬ 
cles. Beneath the floor lie the thyroid gland, the lar¬ 
ynx, the trachea, and the esophagus (Fig. 11-13). 

STERNOHYOID (FIGS. 11-3 and 11-13) 

Origin 

From the posterior surface of the manubrium 
sterni and the adjoining portion of the clavicle. 


Insertion 

The muscle runs upward and medially and is in¬ 
serted into the medial part of the lower border of 
the body of the hyoid bone. 


Nerve Supply 

Ansa cervicalis (Cl, 2, and 3). 


Action 

Depresses the hyoid bone. 


OMOHYOID 

The omohyoid muscle is described on page 714. 


STERNOTHYROID (FIG. 11-13) 

Origin 

From the posterior surface of the manubrium 
sterni. 


Insertion 

The muscle runs upward deep to the sternohyoid, 
covering the lateral lobe of the thyroid gland. It is 
inserted into the oblique line on the lamina of the 
thyroid cartilage. 

























724 


11. The Head and Neck 


Nerve Supply 

Ansa cervicalis (Cl, 2, and 3). 


Action 

Depresses the larynx. 


THYROHYOID (FIG. 11-13)_ 

Origin 

From the oblique line on the lamina of the thyroid 
cartilage. 


Insertion 

The muscle runs upward over the thyrohyoid 
membrane and is inserted into the lower border of 
the body of the hyoid bone. 


Nerve Supply 

The first cervical nerve via a branch of the hypo¬ 
glossal nerve. 


Action 

Depresses the hyoid bone or elevates the larynx. 


Main Arteries of 
the Neck (Fig. 11-15) 

COMMON CAROTID ARTERY 

The right common carotid artery arises from the 
brachiocephalic artery behind the right sternocla¬ 
vicular joint (Fig. 11-18). The left artery arises from 
the arch of the aorta in the superior mediastinum. 
(See p. 117.) The common carotid artery runs up¬ 
ward and backward through the neck, from the 
sternoclavicular joint to the upper border of the 
thyroid cartilage, where it divides into the external 
and internal carotid arteries (Fig. 11-13). At its 
point of division, the terminal part of the common 
carotid artery or the beginning of the internal ca¬ 
rotid artery shows a localized dilatation, called the 
carotid sinus (Fig. 11-14). The tunica media of the 
sinus is thinner than elsewhere, but the advenitia 
is relatively thick and contains numerous nerve 


endings derived from the glossopharyngeal nerve. 
The carotid sinus serves as a reflex pressoreceptor 
mechanism, which assists in the regulation of the 
blood pressure in the cerebral arteries. 

The carotid body is a small, reddish-brown 
structure, which lies posterior to the point of bifur¬ 
cation of the common carotid artery (Fig. 11-14). 
It is innervated by the glossopharyngeal nerve and 
is a chemoreceptor, being sensitive to excess carbon 
dioxide and reduced oxygen tension in the blood. 
Such a stimulus reflexly produces a rise in blood 
pressure and heart rate and an increase in respi¬ 
ratory movements. 

The common carotid artery is embedded in the 
carotid sheath throughout its course and is closely 
related to the internal jugular vein and vagus nerve 
(Fig. 11-8). Apart from the two terminal branches, 
the common carotid artery gives off no branches. 


Relations 

Anterolaterally 

The skin, superficial fascia, platysma, investing 
layer of deep cervical fascia, sternocleidomastoid, 
sternohyoid, sternothyroid, and superior belly of 
the omohyoid. The descendens hypoglossi and the 
ansa cervicalis are embedded in the anterior wall 
of the carotid sheath (Fig. 11-13). The superior and 
middle thyroid veins and the anterior jugular vein 
cross the artery. 


Posteriorly 

The transverse processes of the lower four cervical 
vertebrae, the longus capitis and longus colli mus¬ 
cles, and the origin of the scalenus anterior muscle; 
the sympathetic trunk (Fig. 11-18). In the lower 
part of the neck are the vertebral vessels and the 
inferior thyroid artery, as it bends medially to sup¬ 
ply the thyroid gland. On the left side, the thoracic 
duct arches laterally and crosses behind the artery 
(Fig. 11-18). Behind its termination is the carotid 
body. 


Medially 

The larynx and pharynx, and below these, the tra¬ 
chea and esophagus (Fig. 11-8). The lobe of the 
thyroid gland, the inferior thyroid artery, and the 
recurrent laryngeal nerve also lie medially. 
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subclavian artery 


Fig. 11-15. Main arteries of the head and neck. 
Note that for clarity, the thyrocervical trunk, the 
costocervical trunk, and the internal thoracic ar¬ 
tery, branches of the subclavian artery, have not 
been shown. 


















726 


11. The Head and Neck 


Laterally 

The internal jugular vein, and posterolaterally, the 
vagus nerve (Fig. 11-8). 


EXTERNAL CAROTID ARTERY 

The external carotid artery is one of the terminal 
branches of the common carotid artery (Fig. 11-8). 
It begins at the level of the upper border of the thy¬ 
roid cartilage and terminates in the substance of 
the parotid gland behind the neck of the mandible 
by dividing into the superficial temporal and max¬ 
illary arteries. 

At its origin, where its pulsations can be felt, the 
arteiy lies within the carotid triangle. At first, it lies 
medial to the internal carotid artery, but as it as¬ 
cends in the neck, it passes backward and laterally. 
It is crossed by the posterior belly of the digastric 
and the stylohyoid (Fig. 11-13). 


Relations 

Anterolaterally 

The artery is overlapped at its beginning by the an¬ 
terior border of the sternocleidomastoid. Above 
this level the artery is comparatively superficial, 
being covered by skin, superficial fascia, the cervi¬ 
cal branch of the facial nerve, the transverse cuta¬ 
neous nerve, and the investing layer of deep cervi¬ 
cal fascia. It is crossed by the hypoglossal nerve 
(Fig. 11-13), the facial and lingual veins, the pos¬ 
terior belly of the digastric muscle, and the stylo¬ 
hyoid muscles. Within the parotid gland it is 
crossed by the facial nerve (Fig. 11-26). The inter¬ 
nal jugular vein first lies lateral to the artery and 
then posterior to it. 


Medially 

The wall of the pharynx, the styloid process, and 
the internal carotid artery. The stylopharyngeus 
muscle, the glossopharyngeal nerve, and the pha¬ 
ryngeal branch of the vagus pass between the ex¬ 
ternal and internal carotid arteries (Fig. 11-14). 

For the relations of the external carotid artery in 
the parotid gland, see page 758. 


Branches 

The branches of the external carotid artery are as 
follows: 

1. Superior thyroid artery. 

2. Ascending pharyngeal artery. 

3. Lingual artery. 

4. Facial artery. 

5. Occipital artery. 

6. Posterior auricular artery. 

7. Superficial temporal artery. 

8. Maxillary artery. 

The superior thyroid arteiy arises from the front 
of the external carotid artery near its origin (Figs. 
11-13 and 11-15). It passes almost vertically down¬ 
ward with the vein. It runs superficial and parallel 
to the external laryngeal nerve to reach the upper 
pole of the thyroid gland (Fig. 11-17). It gives off: 

(1) a branch to the sternocleidomastoid muscle and 

(2) the superior laryngeal artery, which pierces the 
thyrohyoid membrane with the internal laryngeal 
nerve. 

The ascending pharyngeal artery is a long, slen¬ 
der vessel, which arises on the deep surface of the 
external carotid artery. It ascends between the in¬ 
ternal carotid and the pharynx. It gives off numer¬ 
ous small branches to adjacent structures. 

The lingual artery arises from the anterior sur¬ 
face of the external carotid artery, opposite the tip 
of the greater cornu of the hyoid bone (Figs. 11-13 
and 11-15). It loops upward and then passes deep 
to the posterior border of the hyoglossus muscle to 
enter the submandibular region. (See p. 782.) The 
loop of the artery is crossed superficially by the hy¬ 
poglossal nerve. 

The facial artery arises from the anterior surface 
of the external carotid artery, just above the level of 
the tip of the greater cornu of the hyoid bone (Figs. 
11-13 and 11-15). It arches upward deep to the 
posterior belly of the digastric muscle and reaches 
the posterior part of the submandibular salivary 
gland. (See p. 781.) 

The occipital artery arises from the posterior sur¬ 
face of the external carotid arteiy, opposite the fa¬ 
cial artery (Figs. 11-13 and 11-15). Close to its ori¬ 
gin it is crossed by the hypoglossal nerve. It passes 
upward under cover of the lower border of the pos¬ 
terior belly of the digastric muscle and finally 
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reaches the back of the scalp by entering the apical 
region of the posterior triangle, between the ster¬ 
nocleidomastoid and the trapezius (Fig. 11-11). Its 
terminal part accompanies branches of the greater 
occipital nerve, to supply the back of the scalp. 

The posterior auricular artery arises from the 
posterior surface of the external carotid artery, at 
the level of the upper border of the posterior belly 
of the digastric (Figs. 11-13 and 11-15). It passes 
upward and backward along the upper border of 
the posterior belly of the digastric, deep to the pa¬ 
rotid gland, and reaches the groove between the 
auricle and the back of the scalp. 

The superficial temporal artery (Figs. 11-13 and 
11-15) is described on page 746. 

The maxillary artery (Figs. 11-13 and 11-15) is 
described on page 768. 


INTERNAL CAROTID ARTERY 

The internal carotid artery is one of the terminal 
branches of the common carotid artery (Figs. 11- 
13 and 11-15). It begins at the level of the upper 
border of the thyroid cartilage and ascends in the 
neck to the base of the skull. It enters the cranial 
cavity through the carotid canal in the petrous part 
of the temporal bone. (See p. 787.) It lies embed¬ 
ded in the carotid sheath with the internal jugular 
vein and vagus nerve. At its beginning it lies super¬ 
ficially in the carotid triangle. After ascending deep 
to the posterior belly of the digastric, it lies deep to 
the parotid gland, the styloid process, and the mus¬ 
cles attached to it (Figs 11-14 and 11-26). The in¬ 
ternal carotid artery gives off no branches in the 
neck. 


Relations ___ 

Anterolaterally_ 

Below the digastric lie the skin, superifical fascia, 
platysma, transverse cutaneous nerve, investing 
layer of deep cervical fascia, anterior border of the 
sternocleidomastoid, lingual and facial veins, hy¬ 
poglossal nerve, descending branch of hypoglossal 
nerve, and occipital artery (Fig. 11-13). 

Above the digastric lie the posterior auricular ar¬ 
tery, stylohyoid muscle, styloid process, stylopha- 
ryngeus muscle, glossopharyngeal nerve, pharyn¬ 


geal branch of the vagus, and parotid gland and its 
contents, namely, the facial nerve, retromandibu¬ 
lar vein, and external carotid artery (Figs. 11-14 
and 11-26). 


Posteriorly 

The superior laryngeal nerve, cervical part of the 
sympathetic trunk (Fig. 11-14), longus capitis mus¬ 
cle, and transverse processes of the upper three 
cervical vertebrae. 


Medially 

The pharyngeal wall and superior laryngeal nerve. 


Laterally 

The internal jugular vein and the vagus nerve. 


Main Veins of the Neck (Fig. 11-16) 

The main veins of the neck that lie superficial to 
the deep fascia of the neck, namely, the external 
and anterior jugular veins, have been described 
previously. 


INTERNAL JUGULAR VEIN 

The internal jugular vein receives blood from the 
brain, from the face, and from the neck. It begins 
at the jugular foramen in the skull as a continua¬ 
tion of the sigmoid sinus. (See p. 795.) It descends 
through the neck in the carotid sheath and unites 
with the subclavian vein behind the medial end of 
the clavicle, to form the brachiocephalic vein (Figs. 
11-16 and 11-18). 

The vein has a dilatation at its upper end, called 
the superior bulb, and another near its termina¬ 
tion, called the inferior bulb. Directly above the in¬ 
ferior bulb is a bicuspid valve. 


Relations 

Anterolaterally 

The skin, superficial fascia, platysma, transverse 
cutaneous nerve, investing layer of deep cervical 
fascia, sternocleidomastoid, and parotid salivary 
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Fig. 11-16. Main veins of the head and neck. 


gland. Its lower part is covered by the sternothy¬ 
roid, sternohyoid, and omohyoid muscles, which 
intervene between the vein and the sternocleido¬ 
mastoid (Fig. 11-13). The ansa cervicalis crosses 
the vein. Higher up, it is crossed by the stylohyoid, 
the posterior belly of the digastric, the posterior au¬ 
ricular and occipital arteries, and the spinal part of 
the accessory nerve. The styloid process and the sty- 
lophaiyngeus muscles separate the vein from the 


parotid gland. The chain of deep cervical lymph 
nodes runs alongside the vein. 


Posteriorly 

The transverse processes of the cervical vertebrae, 
levator scapulae, scalenus medius, scalenus ante¬ 
rior, cervical plexus, phrenic nerve, thyrocervical 
trunk, vertebral vein, and the first part of the sub¬ 
clavian artery (Fig. 11-18). On the left side it passes 
in front of the thoracic duct. 
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Medially 

Above lie the internal carotid artery and the ninth, 
tenth, eleventh, and twelfth cranial nerves. Below 
lie the common carotid artery and the vagus nerve. 


Ti'ibutaries 

The inferior petrosal sinus, which assists in drain¬ 
ing the cavernous sinus, leaves the skull through 
the anterior part of the jugular foramen and joins 
the internal jugular vein at or below the superior 
bulb (Figs. 11-41 and 11-56). 

The facial vein, having left the face and crossed 
superficially over the submandibular salivary 
gland, is joined bv the anterior division of the ret¬ 
romandibular vein (Fig. 11-7). The vein then 
crosses the hypoglossal nerve, the loop of the lin¬ 
gual artery, and the external and internal carotid 
arteries to join the internal jugular vein. 

The pharyngeal veins drain the pharyngeal ven¬ 
ous plexus and join the facial, lingual, or internal 
jugular vein. 

The lingual vein joins the facial vein or drains 
into the internal jugular vein. 

The superior thyroid vein leaves the superior pole 
of the thvroid gland and drains into the facial or 
internal jugular vein (Fig. 11-17). 

The middle thyroid vein leaves the lobe of the 
thyroid gland and drains into the internal jugular 
vein at the level of the cricoid cartilage (Fig. 11-17). 

Occasionally, the occipital vein accompanies the 
occipital artery and drains into the internal jugular 
vein. More often, it joins the vertebral or posterior 
auricular veins. 


DEEP CERVICAL LYMPH NODES_ 

The deep cervical lymph nodes form a chain along 
the course of the internal jugular vein (Fig. 11-13). 
They are embedded in the fascia of the carotid 
sheath, and the majority lie on the anterolateral as¬ 
pect of the internal jugular vein. They receive affer¬ 
ent lymph vessels from neighboring anatomical 
structures and from all the other groups of lymph 
nodes in the head and neck (Fig. 11-19). The effer¬ 
ent lymph vessels from the nodes join to form the 
jugular lymph trunk. This vessel drains into either 
the thoracic duct, the right lymphatic duct, or the 


subclavian lymph trunk, or it may drain indepen¬ 
dently into the brachiocephalic vein. 


Main Nerves of the Neck 

VAGUS NERVE (TENTH 
CRANIAL NERVE) 

The vagus nerve is composed of both motor and 
sensory fibers. It originates in the medulla ob¬ 
longata and leaves the skull through the middle of 
the jugular foramen in company with the ninth 
and eleventh cranial nerves. (See p. 795.) The vagus 
nerve possesses two sensory ganglia, a rounded su¬ 
perior ganglion, which is situated on the nerve 
within the jugular foramen, and a cylindrical infe¬ 
rior ganglion, which lies on the nerve just below the 
foramen (Fig. 11-14). Below the inferior ganglion 
the cranial part of the accessory nerve joins the va¬ 
gus nerve and is distributed mainly in its phrayn- 
geal and recurrent laryngeal branches. 

The vagus nerve passes vertically down the neck 
within the carotid sheath, lying at first between the 
internal jugular vein and the internal carotid artery 
and then between the vein and the common ca¬ 
rotid artery (Fig. 11-8). At the root of the neck the 
nerve accompanies the common carotid artery and 
lies anterior to the first part of the subclavian ar¬ 
tery (Fig. 11-18). The further course of the vagus 
nerve in the thorax is described on page 118. (See 
also Fig. 11-87.) 


Branches of the Vagus Nerve in the Neck 

The meningeal branch of the vagus nerve in the 
neck arises from the superior ganglion and supplies 
the dura mater in the posterior fossa of the skull. 

The auricular branch arises from the superior 
ganglion and passes through a bony canal of the 
skull, to emerge behind the external auditory me¬ 
atus. It supplies the medial surface of the auricle, 
the floor of the external auditory meatus, and the 
adjacent part of the tympanic membrane. 

The phar}mgeal branch arises from the inferior 
ganglion and contains motor fibers from the cra¬ 
nial part of the accessory nerve (Fig. 11-14). It 
passes forward between the internal and external 
carotid arteries, to reach the pharyngeal wall. It 
joins branches from the glossopharyngeal nerve 
and the sympathetic trunk, to form the pharyngeal 
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The Neck 731 


levator scapulae 
lesser occipital nerve 
great auricular nerve 
transverse cutaneous nerve 

supraclavicular nerves 

middle cervical 

sympathetic ganglion 

upper trunk of 

brachial plexus 

inferior cervical 
sympathetic gangl 

ansa subclavia 
costocervical trunk 
vertebral artery - -JLZ 

cervical pleura 

right recurrent 
laryngeal nerve 

phrenic nerve 



basilar part of occipital bone 

longus capitis 

mastoid process 
transverse process of atlas 

vertebral artery 
scalenus medius 
longus cervicis 
phrenic nerve 
,esophagus 

inferior thyroid artery 
upper trunk of brachial plexus 
thoracic duct 


right brachiocephalic vein J 

vagus — 
sternohyoidJ 


superficial cervical artery 

thyrocervical trunk 
suprascapular artery 

scalenus anterior 

third part of 
subclavian artery 

external jugular vein 

subclavian vein 


internal thoracic artery 
internal jugular vein 
left recurrent laryngeal nerve 

trachea 
sternothyroid 


Fig. 11-18. Prevertebral region and root of neck. 
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plexus. The pharyngeal nerve supplies all the mus¬ 
cles of the pharynx except the stylopharyngeus 
(glossopharyngeal nerve) and all the muscles of the 
soft palate except the tensor veli palatini (man¬ 
dibular division of the trigeminal nerve). 

The superior laryngeal nerve arises from the in¬ 
ferior ganglion and runs downward and medially 
behind the internal carotid artery (Figs. 11-13 and 
11-14). It divides into internal and external laryn¬ 
geal nerves. 

The internal laryngeal nerve pierces the thyro- 
hvoid membrane, along with the internal laryngeal 
artery (Fig. 11-13). It is a sensory nerve, which sup¬ 
plies the floor of the piriform fossa and the mucous 
membrane of the larynx down as far as the vocal 
folds. 

The external laryngeal nerve is a fine nerve, 
which descends in company with the superior thy¬ 
roid artery (Fig. 11-13). It passes deep to the thy¬ 
roid gland and supplies the cricothyroid muscle. 

Two or three cardiac branches arise from the va¬ 
gus as it descends through the neck. They join or 
accompany the cardiac branches of the sympa¬ 
thetic trunk and end in the cardiac plexus in the 
thorax. 

The recurrent laryngeal nense arises on the right 
side from the vagus, as the latter crosses the first 
part of the subclavian artery (Fig. 11-18). It hooks 
backward and upward behind the artery and as¬ 
cends in the groove between the trachea and the 
esophagus. It passes deep to the lobe of the thyroid 
gland and comes into close relationship with the 
inferior thyroid artery. The nerve crosses either in 
front of or behind the artery or may pass between 
its branches. It passes beneath the lower border of 
the inferior constrictor muscle and supplies all the 
muscles of the larynx except the cricothyroid, 
which is supplied by the external laryngeal branch 
of the superior laryngeal nerve. The nerve also sup¬ 
plies the mucous membrane of the larynx below 
the vocal folds, and the mucous membrane of the 
upper part of the trachea. 

On the left side, the recurrent laryngeal nerve 
arises from the vagus as the latter crosses the arch 
of the aorta in the thorax. It hooks around beneath 
the arch behind the ligamentum arteriosum (Fig. 
3-16) and ascends into the neck in the groove be¬ 
tween the trachea and the esophagus (See p. 737.) 

See also the summary of cranial nerves, Table 
11-3, page 812. 


ACCESSORY NERVE (ELEVENTH 
CRANIAL NERVE) 

The accessory nerve is composed of motor fibers. It 
is formed by the union of cranial and spinal roots. 
(See p. 811.) The cranial root is smaller and arises 
in the medulla oblongata. The spinal roots arise 
from the upper five cervical segments of the spinal 
cord. The spinal roots unite to form a trunk that 
ascends in the vertebral canal to enter the skull 
through the foramen magnum (Fig. 11-88). Both 
the cranial and spinal roots come together and pass 
through the middle of the jugular foramen. (See p. 
795.) 

The cranial root now separates from the spinal 
root and joins the vagus at is inferior ganglion (Fig. 
11-14). It is distributed mainly in the pharyngeal 
and recurrent laryngeal branches of the vagus 
nerve. 

The spinal root runs downward and laterally 
and crosses the internal jugular vein (Fig. 11-14). It 
passes beneath the posterior belly of the digastric 
and reaches the deep surface of the sternocleido¬ 
mastoid, which it supplies. The nerve emerges 
above the middle of the posterior border of the 
sternocleidomastoid and crosses the posterior tri¬ 
angle of the neck on the levator scapulae. (See p. 
719.) 

See also the summary of cranial nerves, Table 
11-3, page 812. 


HYPOGLOSSAL NERVE (TWELFTH 
CRANIAL NERVE) 

The hypoglossal nerve is the motor nerve to the 
tongue muscles. It arises in the medulla oblongata 
and leaves the skull through the hypoglossal canal 
in the occipital bone. (See p. 794.) It now comes 
into close relationship with the ninth, tenth, and 
eleventh cranial nerves, the internal carotid artery, 
and the internal jugular vein. It descends between 
the internal carotid artery and the internal jugular 
vein until it reaches the lower border of the poste¬ 
rior belly of the digastric muscle, where it turns 
forward and medially (Fig. 11-13). The nerve loops 
around the occipital artery and crosses the internal 
and external carotid arteries and the loop of the 
lingual artery. Here, it is crossed by the facial vein. 
It passes forward and upward, deep to the inter- 
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mediate tendon of the digastric muscle, the stylo¬ 
hyoid, and the posterior margin of the mylohyoid 
muscle. Its further course in the submandibular re¬ 
gion is described on page 781. See also Figure 11- 
88B. 

In the upper part of its course, the hypoglossal 
nerve is joined by a small branch from the cervical 
plexus (Cl and sometimes C2). This branch later 
leaves the hypoglossal nerve as its descending 
branch, the nerve to the thyrohyoid and the nerve 
to the geniohyoid. 


Branches 

The meningeal branch of the hypoglossal nerve 
arises from the nerve as it traverses the hypoglossal 
canal. It supplies the meninges in the posterior cra¬ 
nial fossa. 

The descending branch , which is composed of Cl 
fibers, arises from the hypoglossal nerve as it 
curves forward below the posterior belly of the di¬ 
gastric (Fig. 11-13). It descends in front of the in¬ 
ternal and common carotid arteries, embedded in 
the carotid sheath. It is joined by the descending 
cervical nerve (C2 and 3) from the cervical plexus, 
to form a loop, called the ansa cervicalis (Fig. 11- 
14). Branches from the loop supply the omohyoid, 
the sternohyoid, and the sternothyroid muscles. 

The nerve to the thyrohyoid, which is composed 
of Cl fibers, arises from the hypoglossal nerve as it 
passes deep to the mylohyoid muscle (Fig. 11-13). 
It descends across the greater cornu of the hyoid 
bone and supplies the thyrohyoid muscle. 

The muscular branches to the tongue are de¬ 
scribed on page 781. The nerve supply to the genio¬ 
hyoid muscle, which is composed of Cl fibers, is 
given off on the side of the tongue. 

See the summary of cranial nerves, Table 11-3, 
page 812. 

Cervical Part of the 

Sympathetic Trunk_ 

The cervical part of the sympathetic trunk extends 
upward to the base of the skull and below to the 
neck of the first rib, where it becomes continuous 
with the thoracic part of the sympathetic trunk. It 
lies directly behind the internal and common ca¬ 
rotid arteries (i.e., medial to the vagus) and is 
embedded in deep fascia between the carotid 


sheath and the prevertebral layer of deep fascia 
(Fig. 11-8). 

The sympathetic trunk possesses three ganglia: 
the superior, middle, and inferior cervical ganglia. 


SUPERIOR CERVICAL GANGLION 

The superior ceivical ganglion is large and lies im¬ 
mediately below the skull (Fig. 11-14). 


Branches 

1. The internal carotid nerve, consisting of postgan¬ 
glionic fibers, ascends from the upper pole of the 
ganglion and accompanies the internal carotid 
artery into the carotid canal in the temporal 
bone. It divides into branches around the artery 
to form the internal carotid plexus. 

2. Gray rami communicantes to the upper four an¬ 
terior rami of the cervical nerves. 

3. Arterial branches to the common and external 
carotid arteries. These branches form a plexus 
around the arteries and are distributed along the 
branches of the external carotid artery. 

4. Cranial nerve branches, which join the ninth, 
tenth, and twelfth cranial nerves. 

5. Pharyngeal branches, which unite with the pha¬ 
ryngeal branches of the glossopharyngeal and 
vagus nerves to form the pharyngeal plexus. 

6. The superior cardiac branch, which descends in 
the neck behind the common carotid artery. It 
ends in the cardiac plexus in the thorax. (See p. 
111 .) 


MIDDLE CERVICAL GANGLION 

The middle cervical ganglion is small and lies at 
the level of the cricoid cartilage (Fig. 11-18). It is 
related to the loop of the inferior thyroid artery. 


Branches 

1. Gray rami communicantes to the anterior rami 
of the fifth and sixth cervical nerves. 

2. Thyroid branches, which pass along the inferior 
thyroid arteiy to the thyroid gland. 

3. The middle cardiac branch, which descends in 
the neck behind the common carotid artery. It 
ends in the cardiac plexus in the thorax. (See p. 
111 .) 
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INFERIOR CERVICAL GANGLION_ 

The inferior cervical ganglion in the majority of 
subjects is fused with the first thoracic ganglion to 
form the stellate ganglion. It lies in the interval be¬ 
tween the transverse process of the seventh cervical 
vertebra and the neck of the first rib, behind the 
vertebral artery (Fig. 11-18). 


Branches 

1. Gray rami communicantes to the anterior rami 
of the seventh and eighth cervical nerves. 

2. Arterial branches to the subclavian and vertebral 
arteries. 

3. The inferior cardiac branch, which descends be¬ 
hind the subclavian artery to join the cardiac 
plexus in the thorax. (See p. 111.) 

The part of the sympathetic trunk connecting the 
middle cervical ganglion to the inferior or stellate 
ganglion is represented by two or more nerve bun¬ 
dles. The most anterior bundle crosses in front of 
the first part of the subclavian artery and then 
turns upward behind it. This anterior bundle is re¬ 
ferred to as the ansa subclavia (Figs. 11-14 and Il¬ 
ls). 


Cervical Plexus 

The cervical plexus is formed by the anterior rami 
of the first four cervical nerves. The rami are joined 
by connecting branches, which form loops that lie 
in front of the origins of the levator scapulae and 
the scalenus medius muscles (Fig. 11-18). The 
plexus is covered in front by the prevertebral layer 
of deep cervical fascia and is related to the internal 
jugular vein within the carotid sheath. 


Branches 

1. Cutaneous. Lesser occipital, greater auricular, 
transverse cutaneous, and supraclavicular. These 
have been fully described on page 708. 

2. Muscular branches to the neck muscles. Prever¬ 
tebral muscles, sternocleidomastoid (proprio¬ 
ceptive, C2 and 3), levator scapulae (C3 and 4), 
and trapezius (proprioceptive, C3 and 4). 

A branch from Cl joins the hypoglossal nerve. 


Some of these Cl fibers later leave the hypoglos¬ 
sal as the descending branch, which unites with 
the descending cervical nerve (C2 and 3), to form 
the ansa cervicalis (Fig. 11-14). The first, second, 
and third cervical nerve fibers within the ansa 
cervicalis supply the omohyoid, sternohyoid, and 
sternothyroid muscles. Other Cl fibers within 
the hypoglossal nerve leave it as the nerve to the 
thyrohyoid and geniohyoid. 

3. Nerve supply to the diaphragm. Phrenic nerve. 


PHRENIC NERVE 

The phrenic nerve is the only motor nerve supply to 
the diaphragm. It also contains sensory fibers and 
sympathetic fibers. Although some of the sensory 
fibers are proprioceptive fibers for the muscle of 
the diaphragm, the majority supply the pleura and 
peritoneum covering the upper and lower surfaces 
of the central part of the diaphragm. Other sensory 
fibers supply the mediastinal pleura and the peri¬ 
cardium (See p. 120.) 

The phrenic nerve arises from the third, fourth, 
and fifth cervical nerves of the cervical plexus. The 
roots of the phrenic nerve unite at the lateral bor¬ 
der of the scalenus anterior muscle at the level of 
the cricoid cartilage (Fig. 11-18). The nerve then 
runs vertically downward across the front of the 
scalenus anterior, behind the prevertebral layer of 
deep fascia. Because of the obliquity of the scalenus 
anterior muscle, the nerve crosses the muscle from 
its lateral to its medial border. The phrenic nerve 
enters the thorax by passing in front of the subcla¬ 
vian artery and behind the beginning of the bra¬ 
chiocephalic vein. As it descends, it crosses the in¬ 
ternal thoracic artery from the lateral to the medial 
side. 

The further course of the phrenic nerve in the 
thorax is described on page 120. 


Relations in the Neck 
Anteriorly 

The prevertebral layer of deep fascia, the internal 
jugular vein, the superficial cervical and suprascap¬ 
ular arteries, and, on the left side, the thoracic 
duct; the beginning of the brachiocephalic vein 
(Fig. 11-18). 
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Posteriorly 

The scalenus anterior, the subclavian artery, and 
the cervical dome of pleura. 

The accessory phrenic nerve is described on page 
900. 


Viscera of the Neck 

THYROID GLAND 

The thyroid gland consists of right and left lobes 
connected by a narrow isthmus (Fig. 11-17). It is a 
very vascular organ, surrounded by a sheath de¬ 
rived from the pretracheal layer of deep fascia. The 
sheath attaches the gland to the larynx and the tra¬ 
chea. 

Each lobe is pear-shaped, with it apex being di¬ 
rected upward as far as the oblique line on the 
lamina of the thyroid cartilage; its base lies below 
at the level of the fourth or fifth tracheal ring. 

The isthmus extends across the midline in front 
of the second, third, and fourth tracheal rings (Fig. 
11-17). A pyramidal lobe is often present, and it 
projects upward from the isthmus, usually to the 
left of the midline. A fibrous or muscular band fre¬ 
quently connects the pyramidal lobe to the hyoid 
bone; if it is muscular, it is referred to as the levator 
glandulae thyroideae (Fig. 11-17). 


Relations of the Lobes 
Anterolaterally 

The sternothyroid, superior belly of the omohyoid, 
sternohyoid, and anterior border of the sternoclei¬ 
domastoid (Fig. 11-8). 


Posterolaterally 

The carotid sheath with the common carotid ar¬ 
tery, internal jugular vein, and vagus nerve (Fig. 11- 
8 ). 


Medially 

The larynx, trachea, inferior constrictor of the 
pharynx, and esophagus. Associated with these 
structures are the cricothyroid muscle and its nerve 


supply, the external laryngeal nerve. In the groove 
between the esophagus and the trachea is the re¬ 
current laryngeal nerve (Fig. 11-8). 

The rounded posterior border of each lobe is re¬ 
lated posteriorly to the superior and inferior para¬ 
thyroid glands (Fig. 11-17) and the anastomosis be¬ 
tween the superior and inferior thyroid arteries. 


Relations of the Isthmus 
Anteriorly 

The sternothyroids, sternohyoids, anterior jugular 
veins, fascia, and skin. 


Posteriorly 

The second, third, and fourth rings of the trachea. 

The terminal branches of the superior thyroid 
arteries anastomose along its upper border. 


Blood Supply 

The arteries to the thyroid gland are (1) the supe¬ 
rior thyroid artery, (2) the inferior thyroid artery, 
and sometimes (3) the thyroidea ima. The arteries 
anastomose profusely with one another over the 
surface of the gland. 

The superior thyroid artery, a branch of the ex¬ 
ternal carotid artery, descends to the upper pole of 
each lobe, accompanied by the external laryngeal 
nerve (Fig. 11-13). 

The inferior thyroid artery, a branch of the thy¬ 
rocervical trunk, ascends behind the gland to the 
level of the cricoid cartilage (Fig. 11-18). It then 
turns medially and downward, to reach the poste¬ 
rior border of the gland. The recurrent laryngeal 
nerve crosses either in front of or behind the artery 
or may pass between its branches. 

The thyroidea ima, if present, may arise from the 
brachiocephalic artery or the arch of the aorta. It 
ascends in front of the trachea to the isthmus (Fig. 
11-17). 

The veins from the thyroid gland are (1) the su¬ 
perior thyroid, which drains into the internal jug¬ 
ular vein; (2) the middle thyroid, which drains into 
the internal jugular vein; and (3) the inferior thy¬ 
roid (Fig. 11-17). The latter vein receives its tribu¬ 
taries from the isthmus and the lower poles of the 
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gland. The inferior thyroid veins of the two sides 
anastomose with one another as they descend in 
front of the trachea. They drain into the left bra¬ 
chiocephalic vein in the thorax. 


Lymphatic Drainage 

The lymph from the thyroid gland drains mainly 
laterally into the deep cervical lymph nodes. A few 
lymph vessels descend to the paratracheal nodes. 


Development of the Thyroid Gland 

The thyroid gland develops as an endodermal out¬ 
growth from the midline of the floor of the phar¬ 
ynx, between the tuberculum impar and the cop¬ 
ula. Later, this thickening becomes a diverticulum 
called the thyroglossal duct. As development con¬ 
tinues, the duct elongates and its distal end be¬ 
comes bilobed. The duct becomes a solid cord and 
migrates down the neck, passing either anterior, 
through, or posterior to the developing hyoid bone. 
By the seventh week it reaches its final position in 
relation to the larynx and the trachea. Meanwhile, 
the solid cord connecting the thyroid gland to the 
tongue breaks up and disappears. The site of origin 
of the thyroglossal duct on the tongue remains as a 
pit called the foramen cecum. As a result of epithe¬ 
lial proliferation, the bilobed terminal swellings of 
the thyroglossal duct expand to form the thyroid 
gland. 


Congenital Anomalies 

Agenesis of the thyroid gland may occur and is the 
commonest cause of cretinism. 

Incomplete descent of the thyroid gland may oc¬ 
cur, and the thyroid may be found at any point be¬ 
tween the base of the tongue and the trachea. Lin¬ 
gual thyroid is the commonest form of incomplete 
descent. 

A thyroglossal cyst may appear in childhood or 
adolescence or in young adults. It is due to a per¬ 
sistence of a segment of the thyroglossal duct. Such 
a cyst occurs in the midline of the neck at any point 
along the thyroglossal tract. 


PARATHYROID GLANDS _ \ 

The parathyroid glands are yellowish-brown, ovoid i, 
bodies, measuring about 6 mm long in their great¬ 
est diameter. They are usually four in number and 
are intimately related to the posterior border of the 
thyroid gland, lying within its fascial capsule (Fig. 
11-17). " 

The two superior parathyroid glands are the » 
more constant in position and lie at the level of the 
middle of the posterior border of the thyroid gland. 

The two inferior parathyroid glands usually lie 
close to the inferior poles of the thyroid gland. They 
may lie within the fascial sheath, embedded in the 
thyroid substance, or outside the fascial sheath. 
Sometimes they are found some distance caudal to 
the thyroid gland, in association with the inferior 
thyroid veins; or they may even reside in the supe¬ 
rior mediastinum. 


Blood Supply 

The arterial supply to the parathyroid glands is 
from the superior and inferior thyroid arteries. 


TRACHEA 

The trachea is a mobile cartilaginous and membra¬ 
nous tube (Fig. 11-44). It commences at the lower 
border of the cricoid cartilage of the larynx and ex¬ 
tends downward in the midline of the neck (Fig. 
11-44 and 11-64). In the thorax it ends by dividing 
into two main bronchi at the level of the disc be¬ 
tween the fourth and fifth thoracic vertebrae. (See 
p. 89.) 


Relations in the Neck 
Anteriorly 

The skin, fascia, isthmus of the thyroid gland (in 
front of the second, third, and fourth rings), infe¬ 
rior thyroid veins, jugular arch, thyroidea ima ar¬ 
tery (if present), and left brachiocephalic vein in 
the child. It is overlapped by the sternothvroids and 
sternohyoids (Fig. 11-8). 
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Posteriorly 

The right and left recurrent laryngeal nerves, the 
esophagus, and the vertebral column (Fig. 11-8). 


Laterally 

The lobes of the thyroid gland (down as far as the 
fifth or sixth ring) and the carotid sheath. 


Blood Supply in the Neck 

The blood supply of the trachea in the neck is de¬ 
rived mainly from the inferior thyroid arteries. 


Lymphatic Drainage in the Neck 

The lymph vessels drain into the pretracheal and 
paratracheal lymph nodes. 


Nerve Supply in the Neck 

The nerve supply is from the vagi, the recurrent 
laryngeal nerves, and the sympathetic trunks. 


ESOPHAGUS 

The esophagus is a muscular tube about 10 inches 
(25 cm) long, extending from the pharynx to the 
stomach (Figs. 11-44 and 11-59). It begins at the 
level of the cricoid cartilage, opposite the body of 
the sixth cervical vertebra. It commences in the 
midline, but as it descends through the neck, it in¬ 
clines to the left side (Fig. 11-8). Its further course 
in the thorax is described on page 121. 


Relations in the Neck 
Anteriorly 

The trachea; the recurrent laryngeal nerves ascend, 
one on each side, in the groove between the trachea 
and the esophagus (Fig. 11-8). 


Posteriorly 

The prevertebral layer of deep cervical fascia, the 
longus colli, and the vertebral column (Fig. 11-8). 


Laterally 

On each side lie the lobe of the thyroid gland and 
the carotid sheath (Fig. 11-8). On the left side the 
thoracic duct ascends along the left margin for a 
short distance (Fig. 11-18). 


Blood Supply in the Neck 

The arteries of the esophagus in the neck are de¬ 
rived from the inferior thyroid arteries. The veins 
drain into the inferior thyroid veins. 


Lymphatic Drainage in the Neck 

The lymph vessels drain into the deep cervical 
lymph nodes. 


Neive Supply in the Neck 

The nerves are derived from the recurrent laryn¬ 
geal nerves and from the sympathetic trunks. 


The Root of the Neck 

The root of the neck may be defined as the area of 
the neck immediately above the inlet into the 
thorax (Fig. 11-18). 


SCALENUS ANTERIOR (FIG. 11-18) 

Origin 

From the anterior tubercles of the transverse pro¬ 
cesses of the third, fourth, fifth, and sixth cervical 
vertebrae. 


Insertion 

The fibers pass downward and laterally, to be in¬ 
serted into the scalene tubercle on the inner border 
of the first rib and into a ridge on the upper surface 
of the first rib. 


Nerve Supply 

From the anterior rami of the fourth, fifth, and 
sixth cervical nerves. 
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Action _ 

It assists in elevating the first rib. When acting 
from below, it laterally flexes and rotates the cer¬ 
vical part of the vertebral column. 

The muscle is an important landmark in the 
neck, and for this reason its relations should be 
understood. 


Relations 

Anteriorly 

The prevertebral layer of deep cervical fascia, 
which binds the phrenic nerve down to the anterior 
surface of the muscle; the superficial cervical and 
suprascapular arteries, which cross the phrenic 
nerve; and the internal jugular and subclavian 
veins (Fig. 11-18). 


Posteriorly 

The subclavian artery, brachial plexus, and cervical 
dome of the pleura. 


Medially 

The vertebral artery and vein, inferior thyroid ar¬ 
tery, thyrocervical trunk, sympathetic trunk, and, 
on the left side, thoracic duct. 


Laterally 

The roots of the phrenic nerve unite at the lateral 
border of the muscle at the level of the cricoid car¬ 
tilage, before the nerve starts to descend on its an¬ 
terior surface. The roots of the brachial plexus and 
the subclavian artery emerge from behind the lat¬ 
eral border of the muscle, to enter the posterior tri¬ 
angle of the neck. 


SCALENUS MEDIUS (FIG. 11-18) _ 

Origin 

From the transverse process of the atlas and the 
posterior tubercles of the transverse processes of 
the next five cervical vertebrae. 


Insertion 

The muscle passes downward and laterally and is 
inserted into the upper surface of the first rib be¬ 
hind the groove for the subclavian arteiy. The mus¬ 
cle lies behind the roots of the brachial plexus and 
behind the subclavian arteiy. 


Nerve Supply 

Branches from the anterior rami of the cervical 
nerves. 


Action 

It assists in elevating the first rib. When acting 
from below, it laterally flexes and rotates the cer¬ 
vical part of the vertebral column. 


SCALENUS POSTERIOR 

The scalenus posterior muscle may be absent or 
blended with the scalenus medius. 


Origin 

From the posterior tubercles of the transverse pro¬ 
cesses of the lower cervical vertebrae. 


Insertion 

It is inserted into the outer surface of the second 
rib. 


Nerve Supply 

Branches from the anterior rami of the lower cer¬ 
vical nerves. 


Action 

It elevates the second rib. When active from below, 
it laterally flexes the cervical part of the vertebral 
column. 

For a summary of muscles of the neck, their 
nerve supply, and their action, see Table 11-1. 
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Table 11-1. Muscles of the Neck 




Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Platvsma 

Deep fascia over 

Body of mandible 

Facial nerve cervical 

Depresses mandible 


pectoralis major 
and deltoid 

and angle of 
mouth 

branch 

and angle of 
mouth 

Sternocleidomastoid 

Manubrium sterni 

Mastoid process of 

Spinal part of 

Two muscles acting 


and medial third 

temporal bone 

accessory nerve 

together extend 

Digastric 

of clavicle 

and occipital 
bone 

and C2 and 3 

head and flex 
neck; one muscle 
rotates head to 
opposite side 

Posterior belly 

Mastoid process of 
temporal bone 

Intermediate tendon 
is held to hyoid 

Facial nerve 

Depresses mandible 
or elevates hyoid 

Anterior belly 

Body of mandible 

by fascial sling 

Nerve to mylohyoid 

bone 

Stylohyoid 

Styloid process 

Body of hyoid bone 

Facial nerve 

Elevates hyoid bone 

Mylohyoid 

Mylohyoid line of 

Body of hyoid bone 

Inferior alveolar 

Elevates floor of 

body of mandible 

and fibrous raphe 

nerve 

mouth and hyoid 
bone or depresses 
mandible 

Geniohyoid 

Inferior mental 
spine of mandible 

Body of hyoid bone 

First cervical nerve 

Elevates hyoid bone 
or depresses 

Sternohyoid 

Manubrium sterni 
and clavicle 

Body of hyoid bone 

Ansa cervicalis; Cl, 

2, and 3 

mandible; 
depresses hyoid 
bone 

Sternothyroid 

Manubrium sterni 

Oblique line lamina 
of thyroid 
cartilage 

Ansa cervicalis; Cl, 

2, and 3 

Depresses larynx 

Thyrohyoid 

Omohyoid 

Inferior belly 

Oblique line lamina 
of thyroid 
cartilage 

Upper margin of 

Lower border of 
body of hyoid 
bone 

Intermediate tendon 

First cervical nerve 

Depresses hyoid 
bone or elevates 
larynx 

scapula and 

is held to clavicle 

Ansa cervicalis; Cl, 

Depresses hyoid 

Superior belly 

suprascapular 

ligament 

Lower border body 
of hyoid bone 

and first rib by 
fascial sling 

2, and 3 

bone 

Scalenus anterior 

Transverse processes 
of third, fourth, 
fifth, and sixth 
cervical vertebrae 

First rib 

C4, 5, and 6 

Elevates first rib; 
laterally flexes 
and rotates 
cervical part of 
vertebral column 

Scalenus medius 

Transverse processes 
of upper six 
cervical vertebrae 

First rib 

Anterior rami of 
cervical nerves 

Elevates first rib; 
laterally flexes 
and rotates 
cervical part of 
vertebral column 

Scalenus posterior 

Transverse processes 
of lower cervical 
vertebrae 

Second rib 

Anterior rami of 
cervical nerves 

Elevates second rib; 
laterally flexes 
and rotates 
cervical part of 
vertebral column 
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SUBCLAVIAN ARTERY_ 

The right subclavian artery arises from the bra¬ 
chiocephalic artery, behind the right sternoclavic¬ 
ular joint (Figs. 11-15 and 11-18). It passes upward 
and laterally as a gentle curve behind the scalenus 
anterior muscle, and at the outer border of the first 
rib, it becomes continuous with the axillary artery. 

The left subclavian artery arises from the arch of 
the aorta, behind the left common carotid artery. 
(See p. 117.) It ascends to the root of the neck and 
then arches laterally in a manner similar to that of 
the right subclavian artery. 

For purposes of description, it is usual to divide 
the subclavian artery into three parts by the pres¬ 
ence of the scalenus anterior muscle. 


First Part of the Subclavian Artery 

The first part of the subclavian artery extends from 
its origin to the medial border of the scalenus an¬ 
terior (Fig. 11-18). 


Relations 

Anteriorly 

From medial to lateral are the common carotid ar¬ 
tery, the ansa subclavia, the vagus nerve, the inter¬ 
nal jugular and vertebral veins, and on the left side, 
the phrenic nerve. In addition, there are the cardiac 
branches of the vagus and sympathetic nerves. 


Posteriorly 

The dome of the cervical pleura, the apex of the 
lung, the ansa subclavia, and, on the right side, the 
right recurrent laryngeal nerve. 

The branches of the first part of the subclavian 
artery are as follows: 


Vertebral Artery 

The vertebral artery arises from the upper margin 
of the subclavian artery and ascends in the neck 
between the longus colli and the scalenus anterior 
muscles (Fig. 11-18). It passes in front of the trans¬ 
verse process of the seventh cervical vertebra and 
enters the foramen in the transverse process of the 
sixth cervical vertebra (Fig. 11-15). It then ascends 


through the foramina in the transverse processes of 
the upper six cervical vertebrae. Having emerged 
from the transverse process of the atlas, it curves 
backward behind the lateral mass of the atlas. It 
then passes medially, pierces the dura mater, and 
enters the vertebral canal. The vertebral artery 
then ascends into the skull through the foramen 
magnum. The further course of the artery is de¬ 
scribed on page 807. 


Relations of the Vertebral Artery 

— 

Anteriorly. The common carotid artery, vertebral 
vein, inferior thyroid artery, on the left side, it is 
crossed by the thoracic duct (Figs. 11-8 and 11-18). 

Posteriorly. The transverse process of the seventh 
cervical vertebra, the cervicothoracic sympathetic 
ganglion (stellate ganglion), and the anterior rami 
of the seventh and eighth cervical nerves. 

As the artery ascends through the foramina in 
the transverse processes, it lies in front of the an¬ 
terior rami of the cervical nerves (Fig. 11-8). 


Branches of the Vertebral Artery 
in the Neck 

Spinal and muscular branches arise from the ver¬ 
tebral artery. The spinal branches enter the verte¬ 
bral canal through the intervertebral foramina. 


Thyrocervical Trunk 

The thyrocervical trunk is a wide, short trunk that 
arises from the front of the first part of the subcla¬ 
vian artery, at the medial border of the scalenus 
anterior muscle (Fig. 11-18). It gives off three 
branches: (1) the inferior thyroid, (2) the superfi¬ 
cial cervical, and (3) the suprascapular arteries. 

The inferior thyroid artery ascends along the me¬ 
dial border of the scalenus anterior to the level of 
the cricoid cartilage (Fig. 11-18). It then turns me¬ 
dially and downward, passing behind the vagus 
and the common carotid artery and in front of the 
vertebral artery and vein and the sympathetic 
trunk. It then reaches the posterior border of the 
thyroid gland and is closely related to the recurrent 
laryngeal nerve. 

The superficial cervical and suprascapular arter¬ 
ies pass laterally across the scalenus anterior and 
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the phrenic nerve (Fig. 11-18); their further course 
is described on pages 717 and 718. 


Internal Thoracic Artery 

The internal thoracic artery arises from the lower 
border of the first part of the subclavian artery 
(Fig. 11-18). It enters the thorax by descending be¬ 
hind the first costal cartilage in front of the pleura. 
It is crossed obliquely by the phrenic nerve, from 
the lateral to the medial side. The further course of 
the artery in the thorax is described on page 74. 


Second Part of the Subclavian Artery 

The second part of the subclavian artery lies be¬ 
hind the scalenus anterior muscle. 


Relations 

Anteriorly 

The scalenus anterior muscle. 


Posteriorly 

The dome of the cervical pleura and the apex of the 
lung (Fig. 11-18). 

The branch of the second part of the subclavian 
artery is as follows: 


Costocervical TYunk 

The costocervical trunk arises from the back of the 
second part of the subclavian artery and runs back¬ 
ward above the pleura to the neck of the first rib 
(Fig. 11-18). Here, it divides into the superior inter¬ 
costal and deep cervical arteries. 

The superior intercostal artery gives rise to the 
posterior intercostal arteries of the first and second 
intercostal spaces. (See p. 69.) 

The deep cervical artery passes backward be¬ 
tween the transverse process of the seventh cervical 
vertebra and the neck of the first rib. It supplies 
the muscles of the back of the neck. 


Third Part of the Subclavian Artery 

The third part of the subclavian artery extends 
from the lateral border of the scalenus anterior to 


the outer border of the first rib (Fig. 11-18). It is 
described on page 717. 


SUBCLAVIAN VEIN 

The subclavian vein begins at the outer border of 
the first rib as a continuation of the axillary vein 
(Fig. 11-18). At the medial border of the scalenus 
anterior it joins the internal jugular vein, to form 
the brachiocephalic vein. 


Relations 

Anteriorly 

The clavicle and the subclavius muscle. 


Posteriorly 

The scalenus anterior muscle and the phrenic 
nerve. 


Inferiorly 

The upper surface of the first rib. 


Thoracic Duct 

The thoracic duct begins in the abdomen at the up¬ 
per end of the cisterna chyli. (See p. 261.) It enters 
the thorax through the aortic opening in the dia¬ 
phragm and ascends through the posterior medias¬ 
tinum, inclining gradually to the left. (See p. 118.) 
On reaching the superior mediastinum, it is found 
passing upward along the left margin of the esoph¬ 
agus. At the root of the neck, it continues to ascend 
along the left margin of the esophagus until it 
reaches the level of the transverse process of the 
seventh cervical vertebra. Here, it bends laterally 
behind the carotid sheath and in front of the ver¬ 
tebral vessels (Fig. 11-18). On reaching the medial 
border of the scalenus anterior, it turns downward 
in front of the left phrenic nerve and the first part 
of the subclavian artery and drains into the begin¬ 
ning of the left brachiocephalic vein. It may, how¬ 
ever, end in the terminal part of the subclavian or 
internal jugular veins. 
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Lymphatic Drainage of the Head 
and Neck 

The lymph nodes in the head and neck are made 
up of a number of regional groups and a terminal 
group (Fig. 11-19). The regional groups comprise 
(1) the occipital, (2) the retroauricular (mastoid), 
(3) the parotid, (4) the buccal (facial), (5) the sub¬ 
mandibular, (6) the submental, (7) the anterior 
cervical, (8) the superficial cervical, (9) the retro¬ 
pharyngeal, (10) the laiyngeal, and (11) the tra¬ 
cheal. 

The terminal group of nodes receives all the 
lvmph vessels of the head and neck, either directly 
or indirectly, via one of the regional groups. The 
terminal group is closely related to the carotid 
sheath, and, in particular, to the internal jugular 
vein, and is referred to as the deep cervical group. 


REGIONAL GROUPS OF LYMPH NODES 

The occipital lymph nodes are situated over the oc¬ 
cipital bone at the apex of the posterior triangle of 
the neck (Fig. 11-19). They receive lymph from the 
back of the scalp. The efferent lymph vessels drain 
into the deep cervical lymph nodes. 

The retroauricular (mastoid) lymph nodes are 
situated over the lateral surface of the mastoid pro¬ 
cess of the temporal bone (Fig. 11-19). They receive 
lymph from a strip of scalp above the auricle and 
from the posterior wall of the external auditory 
meatus. The efferent lymph vessels drain into the 
deep cervical lymph nodes. 

The parotid lymph nodes are situated on or 
within the parotid salivary gland (Figs. 11-19 and 
11-26). They receive lymph from a strip of scalp 
above the parotid salivary gland, from the lateral 
surface of the auricle and the anterior wall of the 
external auditory meatus, and from the lateral 
parts of the eyelids. The nodes that are deeply 
placed in the parotid salivary gland also receive 
lymph from the middle ear. The efferent lymph 
vessels drain into the deep cervical lymph nodes. 

The buccal (facial) lymph nodes are situated over 
the buccinator muscle, close to the facial vein (Fig. 
11-19). They lie along the course of lymph vessels 
that ultimately drain into the submandibular 
nodes. 

The submandibular lymph nodes are situated on 


the superfical surface of the submandibular sali¬ 
vary gland, beneath the investing layer of deep 
cervical fascia (Fig. 11-19). They may be palpated 
just below the lower border of the body of the man¬ 
dible. They receive lymph from a wide area, in¬ 
cluding the front of the scalp; the nose and adja¬ 
cent cheek; the upper lip and the lower lip (except 
the center part); the frontal, maxillary, and eth¬ 
moid air sinuses; the upper and lower teeth (except 
the lower incisors); the anterior two-thirds of the 
tongue (except the tip) ; the floor of the mouth and 
vestibule; and the gums. The efferent lymph vessels 
drain into the deep cervical lymph nodes. 

The submental lymph nodes are situated in the 
submental triangles between the anterior bellies of 
the digastric muscles (Fig. 11-19). They receive 
lymph from the tip of the tongue, the floor of the 
mouth beneath the tip of the tongue, the incisor 
teeth and the associated gums, the center part of 
the lower lip, and the skin over the chin. The effer¬ 
ent lymph vessels drain into the submandibular 
and deep cervical lymph nodes. 

The anterior cervical lymph nodes are situated 
along the course of the anterior jugular veins (Fig. 
11-19). They receive lymph from the skin and su¬ 
perficial tissues of the front of the neck. The effer¬ 
ent lymph vessels drain into the deep cervical 
lymph nodes. 

The superficial cervical lymph nodes are situated 
along the course of the external jugular vein (Fig. 
11-19). They receive lymph from the skin over the 
angle of the jaw, the skin over the apex of the pa¬ 
rotid salivary gland, and the lobe of the ear. The 
efferent lymph vessels drain into the deep cervical 
lymph nodes. 

The retropharyngeal lymph nodes are situated in 
the retropharyngeal space, in the interval between 
the pharyngeal wall and the prevertebral fascia. 
They receive lymph from the nasal part of the 
pharynx, the auditory tube, and the upper part of 
the cervical vertebral column. The efferent lymph 
vessels drain into the deep cervical lymph nodes. 

The laryngeal lymph nodes are situated in front 
of the larynx on the cricothyroid ligament (Fig. 11- 
19). One or two small nodes may be found in front 
of the thyrohyoid membrane. They receive lymph 
from adjacent structures, and their efferent vessels 
drain into the deep cervical lymph nodes. 

The tracheal lymph nodes (Fig. 11-19) are situ¬ 
ated lateral to the trachea (paratracheal nodes) 
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Fig. 11-19. Lymphatic drainage of head and neck. 
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and in front of the trachea (pretracheal nodes). 
They receive lymph from neighboring structures, 
including the thyroid gland. The efferent lymph 
vessels drain into the deep cervical lymph nodes. 


DEEP CERVICAL LYMPH NODES 

The deep cervical lymph nodes form a chain along 
the course of the internal jugular vein, from the 
skull to the root of the neck (Fig. 11-19). They are 
embedded in the fascia of the carotid sheath and 
the tunica adventitia of the internal jugular vein; 
the majority lie on the anterolateral aspect of the 
internal jugular vein. Two of the nodes are often 
referred to clinically and are called the jugulodi- 
gastric node and the jugulo-omohyoid node. The 
jugidodigastric node lies just below the posterior 
belly of the digastric muscle and is placed just be¬ 
low and behind the angle of the mandible. It is 
chiefly concerned with the lvmph drainage of the 
tonsil and the tongue. 

The jugulo-omohyoid node is related to the inter¬ 
mediate tendon of the omohyoid muscle and is as¬ 
sociated mainly with the lymph drainage of the 
tongue. 

The deep cervical lymph nodes receive lymph 
from neighboring anatomical structures and from 
all the other regional lymph nodes in the head and 
neck. The efferent lymph vessels join to form the 
jugular lymph trunk. This vessel drains into the 
thoracic duct or the right lymphatic duct. Alter¬ 
natively, it may drain into the subclavian lymph 
trunk or independently into the brachiocephalic 
vein. 


THE SCALP_ 

The scalp consists of five layers, the first three of 
which are intimately bound together and move as 
a unit (Fig. 11-20). In order to assist one in mem¬ 
orizing the names of the five layers of the scalp, use 
each letter of the word scalp to denote the layer of 
the scalp. 

1. Skin , which is thick and hair-bearing and con¬ 
tains numerous sebaceous glands. 

2. Connective tissue beneath the skin, which is fi- 
bro-fatty, the fibrous septa uniting the skin to 
the underlying aponeurosis of the occipitofron¬ 
talis muscle (Fig. 11-20). It is in this layer that 


numerous arteries and veins ramify. The arteries 
are branches of the external and internal carotid 
arteries, and a free anastomosis takes place be¬ 
tween them. 

3. Aponeurosis (epicranial), which is a thin, tendi¬ 
nous sheet that unites the occipital and frontal 
bellies of the occipitofrontalis muscle (Figs. 11- 
20 and 11-25). The lateral margins of the apo¬ 
neurosis are attached to the temporal fascia. 

The subaponeurotic space is the potential 
space beneath the epicranial aponeurosis. It is 
limited in front and behind by the origins of the 
occipitofrontalis muscle, and it extends laterally 
as far as the attachment of the aponeurosis to 
the temporal fascia. 

4. Loose areolar tissue, which occupies the sub¬ 
aponeurotic space (Fig. 11-20) and loosely con¬ 
nects the epicranial aponeurosis to the perios¬ 
teum of the skull (the pericranium). The areolar 
tissue contains a few small arteries, but it also 
contains some important emissaiy veins . The 
emissaiy veins are valveless and connect the su¬ 
perficial veins of the scalp with the diploic veins 
of the skull bones and with the intracranial ven¬ 
ous sinuses (Fig. 11-20). 

5. Pericranium, which is the periosteum covering 
the outer surface of the skull bones. It is impor¬ 
tant to remember that at the sutures between 
individual skull bones, the pericranium becomes 
continuous with the periosteum (endosteum) on 
the inner surface of the skull bones (Fig. 11-20). 


OCCIPITOFRONTALIS (FIG. 11-25) 

Origin 

It consists of four bellies, two occipital and two 
frontal, connected by an aponeurosis. Each occipi¬ 
tal belly arises from the highest nuchal line on the 
occipital bone and passes forward, to be attached 
to the aponeurosis. 


Fig. 11-20. (A) Coronal section of upper part of 
head showing layers of scalp, sagittal suture of 
skull, falx cerebri, superior and inferior sagittal 
venous sinuses, arachnoid granulations; emissarv 
veins, and relation of cerebral blood vessels to sub¬ 
arachnoid space. (B) Sensory 7 nerve suppfy and ar¬ 
terial supply to the scalp. 
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Each frontal belly arises from the skin and su¬ 
perficial fascia of the eyebrow and passes back¬ 
ward, to be attached to the aponeurosis. 


Nerve Supply 

The occipital belly is supplied by the posterior au¬ 
ricular branch of the facial nerve; the frontal belly 
is supplied by the temporal branch of the facial 
nerve. 


Action 

The first three layers of the scalp can be moved 
forward or backward, the loose areolar tissue of 
the fourth layer of the scalp allowing the aponeu¬ 
rosis to move on the pericranium. The frontal bel¬ 
lies can raise the eyebrows in expressions of sur¬ 
prise or horror. 


SENSORY NERVE SUPPLY OF THE SCALP 

The main trunks of the sensory nerves lie in the 
superficial fascia. Min ing laterally from the mid¬ 
line anteriorly, the following nerves are present. 

The supratrochlear nerve , a branch of the oph¬ 
thalmic division of the trigeminal nerve, winds 
around the superior orbital margin and supplies 
the scalp (Fig. 11-20). It passes backward close to 
the median plane and reaches nearly as far. as the 
vertex of the skull. 

The supraorbital neive, a branch of the oph¬ 
thalmic division of the trigeminal nerve, winds 
around the superior orbital margin and ascends 
over the forehead (Fig. 11-20). It supplies the scalp 
as far backward as the vertex. 

The zygomaticotemporal nerve, a branch of the 
maxillary division of the trigeminal nerve, supplies 
the scalp over the temple (Fig. 11-20). 

The auriculotemporal nerve, a branch of the 
mandibular division of the trigeminal nerve, as¬ 
cends over the side of the head from in front of the 
auricle (Fig. 11-20). Its terminal superficial tem¬ 
poral branches supply the skin over the temporal 
region. 

The lesser occipital nerve, a branch of the cervical 
plexus (C2), supplies the scalp over the lateral part 
of the occipital region (Fig. 11-20). It also supplies 
the skin over the medial surface of the auricle. 

The greater occipital neive, a branch of the pos¬ 


terior ramus of the second cervical nerve, ascends 
over the back of the scalp and supplies the skin as 
far forward as the vertex of the skull (Fig. 11-20). 


ARTERIAL SUPPLY OF THE SCALP 

The scalp has a very rich supply of blood and, for 
this reason, the smallest cut bleeds profusely. The 
arteries lie in the superficial fascia. Moving lat¬ 
erally from the midline anteriorly, the following ar¬ 
teries are present: 

The supratrochlear and the supraorbital arter¬ 
ies, branches of the ophthalmic artery, ascend over 
the forehead in company with the supratrochlear 
and the supraorbital nerves (Fig. 11-20). 

The superficial temporal artery, the smaller ter¬ 
minal branch of the external carotid artery, as¬ 
cends in front of the auricle in company with au¬ 
riculotemporal nerve (Fig. 11-20). It divides into 
anterior and posterior branches, which supply the 
skin over the frontal and temporal regions. 

The posterior auricular artery, a branch of the 
external carotid artery, ascends behind the auricle 
to supply the scalp above and behind the auricle 
(Fig. 11-20). 

The occipital artery, a branch of the external ca¬ 
rotid artery, ascends in a tortuous course from the 
apex of the posterior triangle, in company with the 
greater occipital nerve (Fig. 11-20). It supplies the 
skin over the back of the scalp and reaches as high 
as the vertex of the skull. 


VENOUS DRAINAGE OF THE SCALP 

The supratrochlear and the supraorbital veins 
unite at the medial margin of the orbit to form the 
facial vein. 

The supeifrcial temporal vein unites with the 
maxillary vein in the substance of the parotid gland 
to form the retromandibular vein (Fig. 11-26). 

The posterior auricular vein unites with the pos¬ 
terior division of the retromandibular vein, just be¬ 
low the parotid gland, to form the external jugular 
vein (Fig. 11-16). 

The occipital vein drains into the suboccipital 
venous plexus, which lies beneath the floor of the 
upper part of the posterior triangle; the plexus in 
turn drains into the vertebral veins. Occasionally, 
the occipital vein drains forward into the internal 
jugular vein. 
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The veins of the scalp freely anastomose with 
one another and are connected to the diploic veins 
and the intracranial venous sinuses by the valveless 
emissary veins (Fig. 11-20). 


THE FACE_ 

Skin of the Face 

The skin of the face possesses numerous sweat and 
sebaceous glands. It is connected to the underlying 
bones by loose connective tissue, in which are 
embedded the muscles of facial expression. There 
is no deep fascia in the face. 

Wrinkle lines of the face result from the repeated 
folding of the skin perpendicular to the long axis of 
the underlying contracting muscles, coupled with 
the loss of youthful skin elasticity. Surgical scars of 
the face are less conspicuous if they follow the 
wrinkle lines. 


Development of the Face 

Early in development, the face of the embryo is 
represented by an area bounded cranially by the 
neural plate, caudally by the pericardium, and lat¬ 
erally by the mandibular process of the first pha¬ 
ryngeal arch on each side (Fig. 11-21). In the center 
of this area is a depression in the ectoderm known 
as the stomodewn. In the floor of the depression is 
the buccopharyngeal membrane. By the fourth 
week, the buccopharyngeal membrane breaks 
down so that the stomodeum communicates with 
the foregut. 

The further development of the face is depen¬ 
dent on the coming together and fusion of a num¬ 
ber of important processes, namely, the fronto¬ 
nasal process, the maxillary processes, and the 
mandibular processes (Fig. 11-21). The frontonasal 
process begins as proliferation of mesenchyme on 
the ventral surface of the developing brain, and this 
grows toward the stomodeum. Meanwhile, the 
maxillary process grows out from the upper end of 
each first arch and passes medially, forming the 
lower border of the developing orbit. The man¬ 
dibular processes of the first arches now approach 
one another in the midline below the stomodeum 
and fuse to form the lower jaw and lower lip (Fig. 
11 - 21 ). 

The olfactory pits appear as depressions in the 
lower edge of the advancing frontonasal process, 


dividing it into a medial nasal process and two lat¬ 
eral nasal processes. With further development, the 
maxillary processes grow medially and fuse with 
the lateral nasal processes and with the medial na¬ 
sal process (Fig. 11-21). The medial nasal process 
forms the philtrum of the upper lip and the pre¬ 
maxilla. The maxillary processes extend medially, 
forming the upper jaw and the cheek, and finally 
bury the premaxilla and fuse in the midline. The 
various processes that ultimately form the face 
unite during the second month. 

The upper lip is formed by the growth medially 
of the maxillary processes of the first pharyngeal 
arch on each side. Ultimately, the maxillary pro¬ 
cesses meet in the midline and fuse with each other 
and with the medial nasal process (Fig. 11-21). 
Thus the lateral parts of the upper lip are formed 
from the maxillary processes, and the medial part, 
or philtrum from the medial nasal process, with 
contributions from the maxillary processes. 

The lower lip is formed from the mandibular 
process of the first pharyngeal arch on each side 
(Fig. 11-21). These processes grow medially below 
the stomodeum, and fuse in the midline to form 
the entire lower lip. 

The area of skin overlying the frontonasal pro¬ 
cess and its derivatives receives its sensory nerve 
supply from the ophthalmic division of the trigemi¬ 
nal nerve, while the maxillary division of the tri¬ 
geminal nerve supplies the area of skin overlying 
the maxillary process. The area of skin overlving 
the mandibular process is supplied by the mandib¬ 
ular division of the trigeminal nerve. 

The muscles of facial expression are derived 
from mesenchyme of the second pharyngeal arch. 
The nerve supply of these muscles is the nerve of 
the second pharyngeal arch, namely, the seventh 
cranial nerve. 


CONGENITAL ANOMALIES 

Cleft upper lip may be confined to the lip or may 
be associated with a cleft palate. The anomaly is 
usually unilateral cleft lip and is caused by failure 
of the maxillary process to fuse with the medial 
nasal process (Fig. 11-22). Bilateral cleft lip is 
caused by the failure of both maxillary processes to 
fuse with the medial nasal process, which then re¬ 
mains as a central flap of tissue. 

Oblique facial cleft is a rare condition in which 
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Fig. 11-22. Various forms of cleft lip. 


the cleft lip on one side extends to the medial mar¬ 
gin of the orbit (Fig. 11-22). This is caused by the 
failure of the maxillary process to fuse with the lat¬ 
eral and medial nasal processes. 

Cleft lower lip is extremely rare. It is exactly cen¬ 
tral and is caused by incomplete fusion of the man¬ 
dibular processes (Fig. 11-22). 


Sensory Nerves of the Face 

The skin of the face is supplied by branches of the 
three divisions of the trigeminal nerve, except for 


the small area over the angle of the mandible and 
the parotid gland (Fig. 11-23), which is supplied by 
the great auricular nerve (C2 and 3). The overlap 
of the three divisions of the trigeminal nerve is 
slight in comparison to the considerable overlap of 
adjacent dermatomes of the trunk and limbs. The 
ophthalmic nerve supplies the region developed 
from the frontonasal process; the maxillary nerve 
serves the region developed from the maxillary pro¬ 
cess of the first pharyngeal arch; and the man¬ 
dibular nerve serves the region developed from the 
mandibular process of the first pharyngeal arch. 

It should be pointed out that these nerves not 
only supply the skin of the face, but also supply 
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proprioceptive fibers to the underlying muscles of 
facial expression. They are, in addition, the sensory 
nerve supply to the mouth, teeth, nasal cavities, 
and paranasal air sinuses. 


OPHTHALMIC NERVE 

The ophthalmic nerve supplies the skin of the fore¬ 
head, the upper eyelid, the conjunctiva, and the 
side of the nose down to and including the tip. Five 
branches of the nerve pass to the skin. 

1. The lacrimal nerve supplies the skin and con¬ 
junctiva of the lateral part of the upper eyelid 
(Fig. 11-23). 

2. The supraorbital nerve winds around the upper 
margin of the orbit at the supraorbital notch 
(Fig. 11-23). It divides into lateral and medial 
branches and supplies the skin and conjunctiva 
on the central part of the upper eyelid; it also 
supplies the skin of the forehead. 

3. The supratrochlear nerve winds around the up¬ 
per margin of the orbit medial to the supraor¬ 
bital nerve (Fig. 11-23). It divides into branches 
that supply the skin and conjunctiva on the me¬ 
dial part of the upper eyelid and the skin over 
the lower part of the forehead, close to the me¬ 
dian plane. 

4. The infratrochlear nerve leaves the orbit below 
the pulley of the superior oblique muscle. It sup¬ 
plies the skin and conjunctiva on the medial part 
of the upper eyelid and the adjoining part of the 
side of the nose (Fig. 11-23). 

5. The external nasal nerve leaves the nose by 
emerging between the nasal bone and the upper 
nasal cartilage. It supplies the skin on the side of 
the nose down as far as the tip (Fig. 11-23). 


MAXILLARY NERVE_ 

The maxillary nerve supplies the skin on the pos¬ 
terior part of the side of the nose, the lower eyelid, 
the cheek, the upper lip, and the lateral side of the 
orbital opening. Three branches of the nerve pass 
to the skin. 


Fig. 11-23. (A) Sensory nerve supply to skin of face. 
(B) Branches of seventh cranial nerve to muscles of 
facial expression. (C) Arterial supply of face. (D) 
Venous drainage of face. 


1. The infraorbital nerve is a direct continuation of 
the maxillaiy nerve. It enters the orbit and ap¬ 
pears on the face through the infraorbital fo¬ 
ramen. It immediately divides into numerous 
small branches, which radiate out from the fo¬ 
ramen and supply the skin of the lower eyelid 
and cheek, the side of the nose, and the upper 
lip (Fig. 11-23). 

2. The zygomaticofacial nerve passes onto the face 
through a small foramen on the lateral side of 
the zygomatic bone. It supplies the skin over the 
prominence of the cheek (Fig. 11-23). 

3. The zygomaticotemporal nerve emerges in the 
temporal fossa through a small foramen on the 
posterior surface of the zygomatic bone. It sup¬ 
plies the skin over the temple (Fig. 11-23). 


MANDIBULAR NERVE 

The mandibular nerve supplies the skin of the 
lower lip, the lower part of the face, the temporal 
region, and part of the auricle. It then passes up¬ 
ward to the side of the scalp. Three branches of the 
nerve pass to the skin. 

1. The mental nerve emerges from the mental fo¬ 
ramen of the mandible and supplies the skin of 
the lower lip and chin (Fig. 11-23). 

2. The buccal nerve emerges from beneath the an¬ 
terior border of the masseter muscle and sup¬ 
plies the skin over a small area of the cheek (Fig. 
11-23). 

3. The auriculotemporal nerve ascends from the 
upper border of the parotid gland between the 
superficial temporal vessels and the auricle. It 
supplies the skin of the auricle, the external au- 
ditoiy meatus, the outer surface of the tympanic 
membrane, and the skin of the scalp above the 
auricle (Fig. 11-23). 


Arterial Supply of the Face 

The face receives a rich blood supply from two 
main vessels, the facial and the superficial tem¬ 
poral arteries. These are supplemented by a num¬ 
ber of small arteries that accompany the sensory 
nerves of the face. 

The facial artery is the highest of the three 
branches that arise from the anterior aspect of the 
external carotid arteiy (Figs. 11-13 and 11-15). 













752 11. The Head and Neck 


Having arched upward and over the submandibu¬ 
lar salivary gland, it curves around the inferior 
margin of the body of the mandible at the anterior 
border of the masseter muscle. It is here that the 
pulse can be easily felt (Fig. 11-5). It runs upward 
in a tortuous course toward the angle of the mouth 
and is covered by the platysma and the risorius 
muscles. It then ascends deep to the zygomaticus 
muscles and the levator labii superioris muscle and 
runs along the side of the nose to the medial angle 
of the eye, where it anastomoses with the terminal 
branches of the ophthalmic artery (Fig. 11-23). 


Branches 

1. The submental artery arises from the facial ar¬ 
tery as the latter is curving around the lower bor¬ 
der of the body of the mandible. It runs forward 
along the lower border of the mandible and sup¬ 
plies the skin of the chin and lower lip. 

2. The inferior labial artery arises near the angle of 
the mouth. It runs medially in the lower lip and 
anastomoses with its fellow of the opposite side. 

3. The superior labial artery arises near the angle 
of the mouth. It runs medially in the upper lip 
and gives branches to the septum and ala of the 
nose. 

4. The lateral nasal artery arises from the facial 
artery as the latter ascends alongside the nose. It 
supplies the skin on the side and dorsum of the 
nose. 

The superficial temporal artery (Fig. 11-23), the 
smaller terminal branch of the external carotid ar¬ 
tery, commences in the parotid gland. It ascends in 
front of the auricle to supply the scalp. (See p. 746.) 

The transverse facial artery, a branch of the su¬ 
perficial temporal artery, arises within the parotid 
gland. It runs forward across the cheek just above 
the parotid duct (Fig. 11-23). 

The supraorbital and supratrochlear arteries, 
branches of the ophthalmic artery, supply the skin 
of the forehead (Fig. 11-23). 


Venous Drainage of the Face 

The facial vein is formed at the medial angle of the 
eye by the union of the supraorbital and supra¬ 
trochlear veins (Fig. 11-23). It is connected to the 
superior ophthalmic vein directly through the su¬ 


praorbital vein. By means of the superior oph¬ 
thalmic vein, the facial vein is connected to the cav¬ 
ernous sinus (Fig. 11-41); this connection is of great 
clinical importance, since it provides a pathway for 
the spread of infection from the face to the cavern¬ 
ous sinus. The facial vein descends behind the fa¬ 
cial artery to the lower margin of the body of the 
mandible. It crosses superficial to the submandib¬ 
ular gland and is joined by the anterior division of 
the retromandibular vein. The facial vein ends by 
draining into the internal jugular vein. 


Tributaries 

The facial vein receives tributaries that correspond 
to the branches of the facial artery. It is joined to 
the pterygoid venous plexus by the deep facial vein, 
and to the cavernous sinus by the superior 
ophthalmic vein. 

The transverse facial vein joins the superficial 
temporal vein within the parotid gland. 


Lymphatic Drainage of the Face 

The forehead and the anterior part of the face 
drain into the submandibular lymph nodes (Fig. 
11-24). A few buccal lymph nodes may be present 
along the course of these lymph vessels. The lateral 
part of the face, including the lateral parts of the 
eyelids, is drained by lvmph vessels that end in the 
parotid lvmph nodes. The central part of the lower 
lip and the skin of the chin is drained into the sub- 
mental lymph nodes. 


Bones of the Face 

The bones that form the front of the skull are 
shown diagrammatically in Figure 11-24. The su¬ 
perior orbital margins and the area above them are 
formed by the frontal bone, which contains the 
fi'ontal air sinuses. The lateral orbital margin is 
formed by the zygomatic bone, and the inferior or¬ 
bital margin by the zygomatic bone and the max¬ 
illa. The medial orbital margin is formed above the 
maxillaiy process of the frontal bone and below bv 
the frontal process of the maxilla. 

The root of the nose is formed by the nasal 
bones, which articulate below with the maxilla and 
above with the frontal bones. Anteriorly, the nose 
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Fig. 11-24. (A) Bones of front of skull and (B) lym- 
phatic drainage of face. 
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is completed by upper and lower plates of hyaline 
cartilage and small cartilages of the ala nasi. 

The important central bone of the middle third 
of the face is the maxilla, containing its teeth and 
the maxillary air sinus. The bone of the lower third 
of the face is the mandible, with its teeth. A more 
detailed account of the bones of the face is given in 
the discussion on the skull. (See p. 782.) 


Muscles of the Face (Muscles of 
Facial Expression) 

The muscles of the face are embedded in the su- 
perifical fascia, and the majority arise from the 
bones of the skull and are inserted into the skin 
(Figs. 11-34 and 11-35). The orifices of the face, 
namely, the orbit, nose, and mouth, are guarded 
by the eyelids, nostrils, and lips. It is the function 
of the facial muscles to serve as sphincters or dila¬ 
tors of these structures. A secondary function of the 
facial muscles is to modify the expression of the 
face. All the muscles of the face are developed from 
the second pharyngeal arch and are supplied by the 
facial nerve. 


MUSCLES OF THE EYELIDS (FIG. 11-25) 

The sphincter muscle of the eyelids is the orbicu¬ 
laris oculi, and the dilator muscles are the levator 
palpebrae superioris and the occipitofrontalis (Fig. 
11-25). The levator palpebrae superioris is in fact a 
muscle of the orbital cavity and is described with 
these muscles on page 816. The occipitofrontalis 
forms part of the scalp and has been described on 
page 744. 


Orbicularis Oculi (Fig. 11-25) 

Origin and Insertion 

The palpebral part, which is confined to the eye¬ 
lids, arises from the medial palpebral ligament, 
arches across both lids in front of the tarsal plates, 
and is inserted into the lateral palpebral raphe. 
Some of the fibers arise from the lacrimal bone and 
from the fascia covering the lacrimal sac-, they pass 
laterally behind the lacrimal sac and enter both 
eyelids. 

The orbital part, which lies flat on the surface of 
the orbital margin on the forehead and cheek, 


arises from the medial end of the medial palpebral 
ligament and from the adjoining bone. The fibers 
pass laterally as a series of concentric loops, there 
being no interruption on the lateral side of the or¬ 
bit. 


Nerve Supply 

Temporal and zygomatic branches of the facial 
nerve. 


Action 

The palpebral part closes the eyelids and dilates the 
lacrimal sac; it also directs the lacrimal puncta into 
the lacus lacrimalis. The orbital portion pulls on 
the skin of the forehead, temple, and cheek like a 
purse string and draws it toward the medial angle 
of the orbit. The skin is thrown into prominent 
folds, which overlap the eyelids and add further 
protection to the underlying eye. The movement is 
referred to as “screwing up the eye.” 


Corrugator Supercilii 

The corrugator supercilii is a small muscle that lies 
deep to the orbicularis oculi. It arises from the me¬ 
dial part of the superciliary arch and is inserted 
into the skin of the eyebrow. 


Nerve Supply 

Temporal branch of the facial nerve. 


Action 

Produces vertical wrinkles of the forehead, as in 
frowning. 


MUSCLES OF THE NOSTRILS 

The sphincter muscle is the compressor naris, and 
the dilatator is the dilatator naris. 


Compressor Naris (Fig. 11-25) 
Origin 

From the frontal process of the maxilla. 

























The Face 755 



orbicularis oculi 


procerus 


compressor 
nan s 


epicranial aponeurosis 


auricularis superior 


frontal belly of occipitofrontalis 


auricularis anterior 


zygomaticus minor 
zygomaticus major 

platysma 


depressor labiiinferioris 
depressor anguli oris 


occipital belly of 
occipitofrontalis 

auricularis posterior 

levator labii superioris 
alaeque nasi 

levator labii superioris 


dilatator 

naris 


risorius 


buccinator 


mental is 


Fig. 11-25. Muscles of facial expression. 
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Insertion _ 

The fibers pass medially into a thin aponeurosis, 
which crosses the bridge of the nose and is contin¬ 
uous with the muscle of the opposite side. 


Nerve Supply 

Buccal branch of the facial nerve. 


Action 

Compresses the mobile nasal cartilages. 


Dilatator Naris (Fig. 11-25) 
Origin 

From the maxilla. 


Insertion 

Into the ala of the nose. 


Nerve Supply 

The buccal branch of the facial nerve. 


Action 

Pulls the ala laterally, thus widening the nasal ap¬ 
erture. In addition, the mobile alar cartilages can 
be elevated slightly, and this is associated with 
wrinkling of the skin of the nose. This movement 
is produced bv the procerus and the levator labii 
superioris alaeque nasi. 


Procerus (Fig. 11-25) 

Origin 

This is continuous with the medial margin of the 
frontal belly of the occipitofrontalis. It arises from 
the lower part of the nasal bone and the lateral 
nasal cartilage. 


Insertion 

The skin between the eyebrows. 


Nerve Supply 

Buccal branch of the facial nerve. 


Action 

Pulls down the medial end of the eyebrow and 
wrinkles the skin of the nose. 

The levator labii superioris alaeque nasi is de¬ 
scribed with the muscles of the lips. 


MUSCLES OF THE LIPS AND CHEEKS 

The sphincter muscle is the orbicularis oris. The 
dilator muscles consist of a series of small muscles 
that radiate out from the lips. 


Sphincter Muscle of the Lips 
Orbicularis Oris (Fig. 11-25) 

Origin and Insertion 

The fibers encircle the oral orifice within the sub¬ 
stance of the lips. Some of the fibers arise near the 
midline from the maxilla above and the mandible 
below. Other fibers arise from the deep surface of 
the skin and pass obliquely to the mucous mem¬ 
brane lining the inner surface of the lips. Many of 
the fibers are derived from the buccinator muscle. 


Nerve Supply 

Buccal and mandibular branches of the facial 
nerve. 


Action 

Compresses the lips together. 


Dilator Muscles of the Lips (Fig. 11-25) 

The dilator muscles radiate out from the lips, and 
their action is to separate the lips; this movement 
is usually accompanied by separation of the jaws. 

The muscles arise from the bones and fascia 
around the oral aperture and converge, to be in¬ 
serted into the substance of the lips. Traced from 
the side of the nose to the angle of the mouth and 
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then below the oral aperture, the muscles are 
named as follows: 

1. Levator labii superioris alaeque nasi. 

2. Levator labii superioris. 

3. Zygomaticus minor. 

4. Zygomaticus major. 

5. Levator anguli oris (deep to the zygomatic mus¬ 
cles). 

6. Risorius. 

7. Depressor anguli oris. 

8. Depressor labii inferioris. 

9. Mentalis. 


Nerve Supply 

Buccal and mandibular branches of the facial 
nerve. 


MUSCLE OF THE CHEEK 
Buccinator (Figs. 11-25 and 11-29) 

Origin 

From the outer surface of the alveolar margins of 
the maxilla and mandible opposite the molar teeth, 
and from the pterygomandibular ligament. 


Insertion 

The muscle fibers pass forward, forming the mus¬ 
cle layer of the cheek. The muscle is pierced by the 
parotid duct. At the angle of the mouth the central 
fibers decussate, those from below entering the up¬ 
per lip and those from above entering the lower lip; 
the highest and lowest fibers continue into the up¬ 
per and lower lips, respectively, without intersect¬ 
ing. The buccinator muscle thus blends and forms 
part of the orbicularis oris muscle. 


Nerve Supply 

Buccal branch of the facial nerve. 


Action 

Compresses the cheeks and lips against the teeth. 


Facial Nerve 

As the facial nerve runs forward within the sub¬ 
stance of the parotid salivary gland (see p. 760), it 
divides into its five terminal branches (Fig. 11-23). 

1. The temporal branch emerges from the upper 
border of the gland and supplies the anterior 
and superior auricular muscles, the frontal belly 
of the occipitofrontalis, the orbicularis oculi, and 
the corrugator supercilii. 

2. The zygomatic branch emerges from the ante¬ 
rior border of the gland and supplies the orbi¬ 
cularis oculi. 

3. The buccal branch emerges from the anterior 
border of the gland below the parotid duct and 
supplies the buccinator muscle and the muscles 
of the upper lip and nostril. 

4. The mandibular branch emerges from the an¬ 
terior border of the gland and supplies the mus¬ 
cles of the lower lip. 

5. The cervical branch emerges from the lower bor¬ 
der of the gland and passes forward in the neck 
below the mandible to supply the platysma mus¬ 
cle; it may cross the lower margin of the body of 
the mandible to supply the depressor anguli oris 
muscle. 

The facial nerve is the nerve of the second pha¬ 
ryngeal arch and supplies all the muscles of facial 
expression. It does not supply the skin, but its 
branches communicate with branches of the tri¬ 
geminal nerve. It is believed that the proprioceptive 
nerve fibers of the facial muscles leave the facial 
nerve in these communicating branches and pass 
to the central nervous system via the trigeminal 
nerve. A summary of the origin and distribution of 
the facial nerve is given on page 891. See also Figure 
11-85. 


PAROTID REGION 

The parotid region comprises the parotid salivary 
gland and the structures immediately related to it. 


Parotid Gland 

The paired parotid glands, together with the paired 
submandibular and sublingual glands and the nu- 
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merous small glands scattered throughout the 
mouth cavity, constitute the salivary glands. 


TYPE AND POSITION OF GLAND 

The parotid gland is the largest of the salivary 
glands and is composed almost entirely of serous 
acini. It is situated below the external auditory 
meatus and lies in a deep hollow behind the ramus 
of the mandible and in front of the sternocleido¬ 
mastoid (Fig. 11-26). 


SHAPE AND LOBES OF THE GLAND; 
PROCESSES OF THE GLAND 

As seen from the superficial surface, the parotid 
gland is roughly wedge-shaped, with its base above 
and its apex behind the angle of the mandible (Fig. 
11-26). If cut across in a horizontal plane, it would 
also be found to be wedge-shaped, with its base in 
the lateral position and its apex against the pharyn¬ 
geal wall. 

During development, the parotid gland covers 
the lateral surface of the facial nerve. As develop¬ 
ment proceeds, the deep part of the gland extends 
medially between the branches of the facial nerve. 
In the fully formed gland, the facial nerve may be 
said to divide the parotid gland into superficial and 
deep parts, or lobes (Fig. 11-26). 

The superior margin of the gland extends up¬ 
ward behind the temporomandibular joint into the 
posterior part of the mandibular fossa. This part of 
the gland is called the glenoid process. 

The anterior margin of the gland extends for¬ 
ward superficial to the masseter muscle to form 
the facial process. A small part of the facial process 
may be separate from the main gland and is called 
the accessory part of the gland (Fig. 11-26). 

The deep part of the gland may extend forward 
between the medial pterygoid muscle and the ra¬ 
mus of the mandible to form the pterygoid process. 


CAPSULES OF THE GLAND_ 

The parotid gland is a lobulated, yellowish mass 
surrounded by a connective-tissue capsule. In ad¬ 
dition, the gland is enclosed in a dense fibrous cap¬ 
sule derived from the investing layer of deep cer¬ 
vical fascia (Fig. 11-26). At the lower extremity of 
the gland the fascia splits into two layers; above, 


the superficial layer is attached to the zygomatic 
arch, and the deep layer is attached to the tym¬ 
panic part of the temporal bone. 

A portion of the fascia, which extends between 
the styloid process and the angle of the mandible, 
is called the stylomandibular ligament, and this in¬ 
tervenes between the parotid and submandibular 
salivary glands (Figs. 11-26 and 11-30). 


PAROTID DUCT 

The parotid duct emerges from the facial process 
of the gland and passes forward over the lateral 
surface of the masseter muscle. At the anterior bor¬ 
der of the muscle it turns sharply medially and 
pierces the buccal pad of fat and the buccinator 
muscle (Fig. 11-26). It then passes forward for a 
short distance between the muscle and the mucous 
membrane and finally opens into the vestibule of 
the mouth upon a small papilla, opposite the upper 
second molar tooth (Fig. 11-57). The oblique pas¬ 
sage of the duct forward between the mucous 
membrane and the buccinator serves as a valvelike 
mechanism and prevents the inflation of the duct 
system during violent blowing (e.g., as in glass 
blowing or trumpet playing). The accessory part of 
the gland is drained by a small duct that opens into 
the upper border of the parotid duct. 

The parotid duct runs forward from the parotid 
gland 1 fingerbreadth below the zygomatic arch 
(Fig. 11-26). If the masseter is tightly contracted, 
the parotid duct can be palpated and rolled on the 
firm anterior edge of this muscle. The accessory 
part of the parotid gland and the transverse facial 
artery lie above the duct. 


STRUCTURES WITHIN THE 
PAROTID GLAND 

The structures within the parotid gland, from lat¬ 
eral to medial, are (1) the facial nerve, (2) the ret¬ 
romandibular vein, and (3) the external carotid ar¬ 
tery. Some members of the parotid group of lymph 
nodes are also located within the gland (Fig. 11- 
26). 


11-26. Parotid gland and its relations. (A) Lat¬ 
eral surface of gland and course of parotid duct. 
(B) Horizontal section of parotid gland. 
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The facial nerve emerges from the stylomastoid 
foramen and enters the posteromedial surface of 
the gland (Fig. 11-26). It passes forward within the 
gland, superficial to the retromandibular vein and 
the external carotid artery, and divides into its five 
terminal branches. The branches of nerve leave the 
gland on its anteromedial surface (Fig. 11-23). 

Branches of the facial nerve immediately before 
it enters the parotid gland are (1) a muscular 
branch, which supplies the posterior belly of the 
digastric and the stylohyoid (Fig. 11-26) and (2) the 
posterior auricular nerve, which ascends behind the 
ear and supplies the posterior and superior auric¬ 
ular muscles and the occipital belly of the occipi¬ 
tofrontalis. 

Branches of the facial nerve within the parotid 
gland are the five terminal branches described on 
page 757. 

The retromandibular vein is formed within the 
parotid gland by the union of the superficial tem¬ 
poral and the maxillary veins. It divides into ante¬ 
rior and posterior divisions, which leave the lower 
border of the gland. The anterior division joins the 
facial vein, and the posterior division unites with 
the posterior auricular vein to form the external 
jugular vein (Fig. 11-16). 

The external carotid artery, having left the ca¬ 
rotid triangle by passing deep to the posterior belly 
of the digastric and the stylohyoid, ascends and en¬ 
ters the substance of the parotid gland (Fig. 11-13). 
At the level of the neck of the mandible, it divides 
into the superficial temporal artery and the max¬ 
illary artery. 

The parotid group of lymph nodes are described 
on page 742. 


Blood Supply 

The external carotid artery and its terminal 
branches within the gland, namely, the superficial 
temporal and the maxillary arteries, supply the 
gland. The veins drain into the retromandibular 
vein. 


Lymph Drainage 

The lymph vessels drain into the parotid lymph 
nodes and the deep cervical lymph nodes. 


Nerve Supply 

Parasympathetic secretomotor fibers from the in¬ 
ferior salivary nucleus of the ninth cranial nerve 
supply the parotid gland. The nerve fibers pass to 
the otic ganglion via the tympanic branch of the 
ninth cranial nerve and the lesser petrosal nerve. 
Postganglionic parasympathetic fibers reach the 
parotid gland via the auriculotemporal nerve, 
which lies in contact with the deep surface of the 
gland. 

Postganglionic sympathetic fibers reach the 
gland as a plexus of nerves around the external ca¬ 
rotid artery. 


RELATIONS OF THE PAROTID GLAND 

The structures that are intimately related to the 
deep surface of the gland are sometimes collec¬ 
tively referred to as the parotid bed. 

For purposes of description, the relations may be 
divided into superficial, superior, posteromedial, 
and anteromedial. 

The superficial relations are the parotid lymph 
nodes, superficial fascia, great auricular nerve, and 
skin (Fig. 11-26). 

The superior relations are the external auditory 
meatus and the posterior surface of the temporo¬ 
mandibular joint (Fig. 11-26). The glenoid lobe is 
directly related to the auriculotemporal nerve. 

The posteromedial relations are the mastoid pro¬ 
cess, the sternocleidomastoid, the posterior belly of 
the digastric, the styloid process and its attached 
muscles, the carotid sheath with the internal ca¬ 
rotid artery, the internal jugular vein, and the va¬ 
gus, glossopharyngeal, accessory, hypoglossal, and 
facial nerves (Fig. 11-26). 

The anteromedial relations are the posterior bor¬ 
der of the ramus of the mandible, the temporo¬ 
mandibular joint, the masseter, the medial ptery¬ 
goid muscle, the terminal branches of the facial 
nerve, and the stylomandibular ligament (Fig. 11- 
26). At the union of the anteromedial and poster¬ 
omedial surfaces, the gland lies in contact with the 
pharyngeal wall (Fig. 11-26). 


Muscles of Mastication 

These consist of the masseter, temporalis, lateral 
pterygoid, and medial pterygoid muscles. 
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MASSETER (FIG. 11-26) 

Origin 

From the lower border and medial surface of the 
zygomatic arch. 


Insertion 

Its fibers run downward and backward to be at¬ 
tached to the lateral aspect of the ramus of the 
mandible. 


Nerve Supply 

Mandibular division of the trigeminal nerve. 


Action 

Raises the mandible to occlude the teeth in masti¬ 
cation. 

The temporalis, lateral pterygoid, and medial 
pterygoid muscles are described in the next section. 


THE TEMPORAL AND 
INFRATEMPORAL FOSSAE_ 

The temporal region is situated on the side of the 
head. The temporal fossa is bounded above by the 
superior temporal line on the side of the skull, in 
front by the frontal process of the zygomatic bone, 
and below by the zygomatic arch (Fig. 11-27). 

The infratemporal region is situated beneath the 
base of the skull, between the pharynx and the ra¬ 
mus of the mandible. The infratemporal fossa is 
bounded in front by the posterior surface of the 
maxilla, behind by the styloid process, above by the 
infratemporal surface of the greater wing of the 
sphenoid, medially by the lateral pterygoid plate, 
and laterally by the ramus of the mandible (Fig. 
11-28). 

The temporal and infratemporal fossae com¬ 
municate with each other deep to the zygomatic 
arch. 


Contents of the Temporal Fossa _ 

The temporal fossa is occupied by the temporalis 
muscle and its covering fascia, the deep temporal 


nerves and vessels, the auriculotemporal nerve, and 
the superficial temporal artery. 


TEMPORALIS (FIG. 11-27) 

Origin 

The muscle is fan-shaped and arises from the bony 
floor of the temporal fossa and from the deep sur¬ 
face of the temporal fascia. 


Insertion 

The muscle fibers converge to a tendon, which 
passes deep to the zygomatic arch and is inserted 
on the coronoid process of the mandible and the 
anterior border of the ramus of the mandible. 


Nerve Supply 

Deep temporal nerves, which are branches of the 
anterior division of the mandibular division of the 
trigeminal nerve. 


Action 

The anterior and superior fibers elevate the man¬ 
dible - , the posterior fibers retract the mandible. 

The temporal fascia covers the temporal muscle 
above the zygomatic arch. It is attached above to 
the superior temporal line and below to the upper 
border of the zygomatic arch. Its deep surface gives 
origin to the temporalis muscle. 

The deep temporal nerves are two in number and 
arise from the anterior division of the mandibular 
nerve. (See p. 767.) They emerge from the upper 
border of the lateral pterygoid muscle and enter 
the deep surface of the temporalis muscle (Fig. 11- 
27). The deep temporal arteries, also two in num¬ 
ber, are branches of the maxillary artery. They ac¬ 
company the nerves and supply the temporalis 
muscle. 

The auriculotemporal nerve, a branch of the pos¬ 
terior division of the mandibular nerve (see p. 767), 
emerges from the upper border of the parotid 
gland behind the temporomandibular joint (Fig. 
11-27). It crosses the root of the zygomatic arch 
behind the superficial temporal artery and in front 
of the auricle. It is distributed to the skin of the 
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Fig. 11-27. Infratemporal and submandibular re¬ 
gions. Parts of zygomatic arch; ramus and body of 
mandible have been removed to display deeper 
structures. 
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eral pterygoid muscles have also been removed to 
display deeper structures. Outline of sublingual 
gland is shown as solid black wavy line. 
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auricle, the external auditory meatus, and the scalp 
over the temporal region. (See p. 746.) 

The supeiftcial temporal artery, a terminal 
branch of the external carotid artery, emerges from 
the upper border of the parotid gland behind the 
temporomandibular joint (Fig. 11-27). It crosses 
the root of the zygomatic arch in front of the au¬ 
riculotemporal nerve and the auricle. It is here that 
its pulsations may be easily felt. It ascends onto the 
scalp and divides into anterior and posterior divi¬ 
sions. (See p. 746.) 


Contents of the 
Infratemporal Fossa 

The infratemporal fossa is occupied by the lateral 
and medial pterygoid muscles, the branches of the 
mandibular nerve, the otic ganglion, the chorda 
tvmpani, the maxillarv artery, and the pterygoid 
venous plexus. 


LATERAL PTERYGOID (FIG. 11-27) 

Origin 

The upper head arises from the infratemporal sur¬ 
face of the greater wing of the sphenoid. The lower 
head arises from the lateral surface of the lateral 
pterygoid plate. 


Insertion 

The two heads converge as they pass backward and 
are inserted into the front of the neck of the man¬ 
dible and the articular disc of the temporomandib¬ 
ular joint. 


Nerve Supply 

From the anterior division of the mandibular divi¬ 
sion of the trigeminal nerve. 


Action 

Pulls the neck of the mandible forward with the 
articular disc during the process of opening the 
mouth. Acting with the medial pterygoid of the 
same side, it pulls the neck of the mandible for¬ 
ward with the articular disc, causing the jaw to ro¬ 


tate around the opposite condyle, as in the move¬ 
ment of chewing. 


MEDIAL PTERYGOID (FIG. 11-27) 

Origin 

The superficial head arises from the tuberosity of 
the maxilla. The deep head arises from the medial 
surface of the lateral pterygoid plate. 


Insertion 

The fibers run downward, backward, and laterally 
and are inserted into the medial surface of the an¬ 
gle of the mandible. 


Nerve Supply 

Mandibular division of the trigeminal nerve. 


Action 

Assists in elevating the mandible. 

The muscles of the head, their nerve supply, and 
their actions are summarized in Table 11-2. 


MANDIBULAR DIVISION OF THE 
TRIGEMINAL NERVE 

The sensory and motor roots of the mandibular 
nerve emerge from the skull through the foramen 
ovale in the greater wing of the sphenoid bone (Fig. 
11-28). Immediately below the foramen, the small 
motor root of the mandibular nerve unites with the 
large sensory root. The mandibular nerve now de¬ 
scends between the tensor veli palatini medially 
and the lateral pterygoid laterally and divides into 
a small anterior and a large posterior division. 


Branches from the Main Trunk 

1. A meningeal branch, which enters the skull 
through the foramen ovale. 

2. The nerve to the medial pterygoid. This is a small 
branch that supplies the medial pterygoid mus¬ 
cle (Fig. 11-28). It gives off two branches, which 
pass without interruption through the otic gan¬ 
glion (see below), to supply the tensor tvmpani 
and the tensor veli palatini. 



























Table 11-2. Muscles of the Head 
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Branches from the Anterior Division 

The anterior division of the trigeminal nerve gives 

off three motor branches and one sensory branch, 

the buccal nerve. 

1. The masseteric nerve runs laterally, above the lat¬ 
eral pterygoid and in front of the temporoman¬ 
dibular joint, to supply the deep surface of the 
masseter muscle (Fig. 11-27). 

2. The two deep temporal nerves run upward above 
the upper border of the lateral pterygoid and en¬ 
ter the deep surface of the temporalis muscle 
(Fig. 11-27). 

3. The nerve to the lateral pterygoid muscle enters 
the deep surface of the muscle. 

4. The buccal neive is a sensory nerve that runs for¬ 
ward between the two heads of the lateral pter¬ 
ygoid (Fig. 11-27). It emerges on the cheek from 
beneath the anterior border of the masseter and 
supplies the skin over the cheek and the mucous 
membrane lining the cheek. (It does not supply 
the buccinator muscle, which is supplied by the 
buccal branch of the facial nerve.) 


Branches from the Posterior Division 

The posterior division of the trigeminal nerve gives 
off two sensory branches and one branch contain¬ 
ing motor fibers, the inferior alveolar nerve. 

1. The auriculotemporal nerve arises by two roots, 
which embrace the middle meningeal artery 
(Fig. 11-28). The nerve runs backward between 
the neck of the mandible and the sphenoman- 
dibular ligament. It then ascends behind the 
temporomandibular joint, close to the parotid 
gland and in company with the superficial tem¬ 
poral vessels. Its further course in the scalp is 
described on page 746. It receives postganglionic 
parasympathetic secretomotor fibers from the 
otic ganglion (see below), which it conveys to the 
parotid gland. 


Branches 

It gives sensory branches to the skin of the auricle, 
the external auditory meatus, the tympanic mem¬ 
brane, the parotid gland, the temporomandibular 
joint, and temporal branches to the skin of the 
scalp. 


2. The lingual nerve runs downward on the medial 
surface of the lateral pterygoid and then on the 
lateral surface of the medial pterygoid (Figs. 11- 
27 and 11-28). It emerges at the lower border of 
the lateral pterygoid, anterior to the inferior al¬ 
veolar nerve. It continues its course downward 
and forward between the ramus of the mandible 
and the medial pterygoid. The nerve now passes 
forward and medially (Fig. 11-28) beneath the 
lower border of the superior constrictor muscle 
of the pharynx, related medially to the styloglos¬ 
sus muscle and laterally to the lower third molar 
tooth. It then runs forward on the lateral surface 
of the hyoglossus in the submandibular region. 
(See p. 780.) At the lower border of the lateral 
pterygoid muscle, it is joined by the chorda tym- 
pani nerve (Fig. 11-27); in addition, it frequently 
receives a branch from the inferior alveolar 
nerve. 


Branches 

The lingual nerve gives off no branches in the in¬ 
fratemporal fossa. 

3. The inferior alveolar nerve which is made up of 
motor and sensory nerve fibers, descends deep 
to the lateral pterygoid muscle and then onto the 
lateral surface of the sphenomandibular liga¬ 
ment (Fig. 11-27). It then enters the mandibular 
canal through the mandibular foramen and runs 
forward below the teeth. Having supplied the 
teeth of the lower jaw, it emerges through the 
mental foramen to supply the skin of the face. 
(See p. 751.) 


Branches 

The mylohyoid nerve arises from the inferior alveo¬ 
lar nerve just above the mandibular foramen (Fig. 
11-27). It pierces the sphenomandibular ligament 
and runs forward on the medial surface of the 
body of the mandible below the mylohyoid line. It 
lies superficial to the mylohyoid muscle (Fig. 11- 
27), which it supplies; it also supplies the anterior 
belly of the digastric muscle. 

A communicating branch, which joins the lingual 
nerve, is frequently given offby the inferior alveolar 
nerve. 
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OTIC GANGLION 

The otic ganglion is a small parasympathetic gan¬ 
glion that is functionally associated with the glos¬ 
sopharyngeal nerve. It is situated just below the 
foramen ovale, between the mandibular nerve and 
the tensor veli palatini. The ganglion adheres to the 
nerve to the medial pterygoid, but functionally it is 
completely separate from it. 

The preganglionic parasympathetic fibers origi¬ 
nate in the inferior salivary nucleus of the glosso¬ 
pharyngeal nerve. They leave the glossopharyngeal 
nerve by its tympanic branch and then pass via the 
tympanic plexus and the lesser petrosal nerve to the 
otic ganglion. Here, the fibers synapse, and the 
postganglionic fibers leave the ganglion and join 
the auriculotemporal nerve. They are conveyed by 
this nerve to the parotid gland and serve as secre- 
tomotor fibers. 

Postganglionic sympathetic fibers from the plex¬ 
us around the middle meningeal artery pass 
through the ganglion without interruption. They 
join the auriculotemporal nerve and are conveyed 
to the parotid gland, where they supply the blood 
vessels of the gland. 


CHORDA TYMPANI 

The chorda tympani is a branch of the facial nerve 
in the temporal bone. (See p. 836 and also Fig. 11- 
85.) It enters the infratemporal fossa through the 
petrotympanic fissure and runs downward and 
forward to join the lingual nerve (Fig. 11-28). The 
nerve carries secretomotor preganglionic parasym¬ 
pathetic fibers to the submandibular and sublin¬ 
gual salivary glands. (See p. 780.) It also carries 
taste fibers from the anterior two-thirds of the 
tongue and the floor of the mouth. The cell bodies 
of the taste fibers are situated in the sensory genic¬ 
ulate ganglion of the facial nerve (see p. 836), and 
they end by synapsing with cells of the nucleus sol- 
itarius in the pons of the brain. 


MAXILLARY ARTERY 

The maxillary arteiy is the larger terminal branch 
of the external carotid arteiy (see p. 760) in the 
parotid gland. It arises behind the neck of the man¬ 
dible and runs forward medial to it, to reach the 
lower border of the lateral pteiygoid muscle (Fig. 


11-27). The artery then passes upward and for¬ 
ward, either superficial or deep to the lower head 
of the lateral pterygoid. It then leaves the infratem¬ 
poral fossa by entering the pterygopalatine fossa. 
Its further course is described on page 839. 


Branches in the Infratemporal Fossa 

1. The inferior alveolar artery follows the inferior 
alveolar nerve. 

2. The middle meningeal artery. This is an impor¬ 
tant artefy, which passes upward deep to the lat¬ 
eral pterygoid muscle behind the mandibular 
nerve (Fig. 11-28). It is embraced by the two 
roots of origin of the auriculotemporal nerve. 
The artery enters the skull through the foramen 
spinosum (Figs. 11-28 and 11-29). 

3. Small branches,-which supply the lining of the 
external auditory meatus and the tympanic 
membrane. 

4. Numerous small muscular branches, which sup¬ 
ply the muscles of mastication. 


PTERYGOID VENOUS PLEXUS 

The pterygoid venous plexus is a venous network 
that surrounds the lateral pterygoid muscle. It re¬ 
ceives veins that correspond to branches of the 
maxillary artery, and its posterior end is drained by 
the maxillary vein. It communicates with the facial 
vein through the deep facial vein. 


MAXILLARY VEIN 

The maxillary vein is a short vessel that drains the 
posterior end of the pterygoid venous plexus. It 
runs backward with the maxillary artery on the 
medial side of the neck of the mandible and joins 
the superficial temporal vein within the parotid 
gland, to form the retromandibular vein (Fig. 11- 
26). 


Temporomandibular Joint 

Articulation 

This occurs between the articular tubercle and the 
anterior portion of the mandibular fossa of the 
temporal bone above and the head (condyloid pro- 
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Pterygomaxillary fissure 
hamular process of medial pterygoid plate, 
tensor veli palatini 
mandibular nerve, 

middle meningeal artery 
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capsule of temporomandibular joint 

ascending palatine artery 
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tonsillar artery 
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Fig. 11-29. Infratemporal and submandibular re¬ 
gions, showing courses of facial and lingual arter- 
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cess) of the mandible below (Fig. 11-30). The ar¬ 
ticular surfaces are covered with fibrocartilage. 


T yP e 

Synovial. The articular disc divides the joint into 
upper and lower cavities (Fig. 11-31). 


Capsule 

The capsule surrounds the joint and is attached 
above to the articular tubercle and the margins of 
the mandibular fossa, and below to the neck of the 
mandible. 


Ligaments 

The lateral temporomandibular ligament strength¬ 
ens the lateral aspect of the capsule, and its fibers 
run downward and backward from the tubercle on 
the root of the zygoma to the lateral surface of the 
neck of the mandible (Fig. 11-30). This ligament 
limits the movement of the mandible in a posterior 
direction and thus protects the external auditory 
meatus. 

The sphenomatuiibular ligament lies on the me¬ 
dial side of the joint (Fig. 11-30). It is a thin band, 
which is attached above to the spine of the sphe¬ 
noid bone and below to the lingula of the man¬ 
dibular foramen. It represents the remains of the 
first pharyngeal arch in this region. 

The stylomandibular ligament lies behind and 
medial to the joint and some distance from it. It is 
merely a band of thickened deep cervical fascia, 
which extends from the apex of the styloid process 
to the angle of the mandible (Fig. 11-30). 

The articular disc divides the joint into upper 
and lower cavities (Fig. 11-31). It is an oval plate 
of fibrocartilage, which is attached circumferen¬ 
tially to the capsule. It is also attached in front to 
the tendon of the lateral pterygoid muscle, and by 
fibrous bands to the head of the mandible. These 
bands ensure that the disc moves forward and 
backward with the head of the mandible during 
protraction and retraction of the mandible. The 
upper surface of the disc is concavoconvex from be¬ 
fore backward to fit the shape of the articular tu¬ 
bercle and the mandibular fossa - , the lower surface 
is concave to fit the head of the mandible. 


Synovial Membrane 

This lines the capsule in the upper and lower cav¬ 
ities of the joint (Fig. 11-31). 


Nerve Supply 

Auriculotemporal and masseteric branches of the 
mandibular nerve. 


Movements 

The mandible can be depressed or elevated, pro¬ 
truded or retracted. Rotation may also occur, as in 
chewing. In the position of rest, the teeth of the 
upper and lower jaws are slightly apart. On closure 
of the jaws, the teeth come into contact. 


Depression of the Mandible 

As the mouth is opened, the head of the mandible 
rotates on the undersurface of the articular disc 
around a horizontal axis. In order to prevent the 
angle of the jaw impinging unnecessarily on the pa¬ 
rotid gland and the sternocleidomastoid muscle, 
the mandible is pulled forward. This is accom¬ 
plished by the contraction of the lateral pterygoid 
muscle, which pulls forward the neck of the man¬ 
dible and the articular disc, so that the latter moves 
onto the articular tubercle (Fig. 11-31). The for¬ 
ward movement of the disc is limited by the ten¬ 
sion of the flbroelastic tissue, which tethers the disc 
to the temporal bone posteriorly. 

Depression of the mandible is brought about by 
the contraction of the digastrics, the geniohyoids, 
and the mylohyoids; the lateral pterygoids play an 
important role by pulling the mandible forward. 


Elevation of the Mandible 

The movements in depression of the mandible are 
reversed. First, the head of the mandible and the 
disc move backward, and then the head rotates on 
the lower surface of the disc. 

Elevation of the mandible is brought about by 
the contraction of the temporalis, the masseter, 
and the medial pterygoids. The head of the man¬ 
dible is pulled backward by the posterior fibers of 
the temporalis. The articular disc is pulled back- 
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Fig. 11-30. Temporomandibular joint as seen from 
(A) lateral aspect and (B) medial aspect. 
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ward by the fibroelastic tissue, which tethers the 
disc to the temporal bone posteriorly. 


Protrusion of the Mandible 

The articular disc is pulled forward onto the ante¬ 
rior tubercle, carrying the head of the mandible 
with it. All movement thus takes place in the upper 
cavity of the joint. In protrusion, the lower teeth are 
drawn forward over the upper teeth, which is 
brought about by the contraction of the lateral 
pterygoid muscles of both sides, assisted by both 
medial pterygoids. 


Retraction of the Mandible 

The articular disc and the head of the mandible are 
pulled backward into the mandibular fossa. Re¬ 
traction is brought about bv the contraction of the 
posterior fibers of the temporalis. 


Lateral Chewing Movements 

These are accomplished by alternately protruding 
and retracting the mandible on each side. For this 
to take place a certain amount of rotation occurs 
and the muscles responsible on both sides work al¬ 
ternately and not in unison. 


Important Relations of the 
Temporomandibular Joint 

Anteriorly 

The mandibular notch and the masseteric nerve 
and artery (Fig. 11-27). 


Posteriorly 

The tympanic plate of the external auditory meatus 
(Fig. 11-30) and the glenoid process of the parotid 
gland. 


Laterally 

The parotid gland, fascia, and skin (Fig. 11-26). 


Medially 

The maxillary artery and vein and the auriculotem¬ 
poral nerve. 


THE MANDIBLE 

The mandible consists of a horseshoe-shaped body 
and a pair of rami. The body of the mandible meets 
the ramus on each side at the angle of the mandible 
(Fig. 11-32). 

The body of the mandible, on its external surface 
in the midline, has a faint ridge indicating the line 
of fusion of the two halves during development at 
the symphysis menti. The mental foramen can be 
seen below the second premolar tooth; it transmits 
the terminal branches of the inferior alveolar nerve 
and vessels. 

On the medial surface of the body of the man¬ 
dible in the median plane are seen the mental 
spines; these give origin to the genioglossus muscles 
above and the geniohyoid muscles below (Fig. 11- 
32). The mylohyoid line can be seen as an oblique 
ridge, which runs backward and laterally from the 
area of the mental spines to an area below and be¬ 
hind the third molar tooth. The submandibular 
fossa, for the superficial part of the submandibular 
salivary gland, lies below the posterior part of the 
mylohyoid line. The sublingual fossa, for the sub¬ 
lingual gland, lies above the anterior part of the 
mylohyoid line (Fig. 11-32). 

The upper border of the body of the mandible is 
called the alveolar part; in the adult it contains six¬ 
teen sockets for the roots of the teeth. 

The lower border of the body of the mandible is 
called the base. The digastric fossa is a small, 
roughened depression on the base, or behind the 
base, on either side of the symphysis menti (Fig. 
11-32). It is in these fossae that the anterior bellies 
of the digastric muscles are attached. 

The ramus of the mandible is vertically placed 
and has an anterior coronoid process and a poste¬ 
rior condyloid process, or head; the two processes 
are separated by the mandibular notch (Fig. 11- 
32). 

On the lateral surface of the ramus are markings 
for the attachment of the masseter muscle. On the 
medial surface is the mandibular foramen, for the 


Fig. 11-31. Temporomandibular joint (A) with 
mouth closed and (B) with mouth open. Note posi¬ 
tion of head of mandible and articular disc in rela¬ 
tion to articular tubercle in each case. 
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Fig. 11-32. (A) Mandible. (B) Hyoid bone. 
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inferior alveolar nerve and vessels. In front of the 
foramen is a projection of bone, called the lingula, 
for the attachment of the sphenomaiulibular liga¬ 
ment (Fig. 11-32). The foramen leads into the man¬ 
dibular canal, which opens on the lateral surface 
of the body of the mandible at the mental foramen. 
(See above.) The incisive canal is a continuation 
forward of the mandibular canal beyond the men¬ 
tal foramen and below the incisor teeth. 

The coronoid process receives on its medial sur¬ 
face the attachment of the temporalis muscle. Be¬ 
low the condyloid process, or head, is a short neck 
(Fig. 11-32). 

The important muscles and ligaments that are 
attached to the mandible are shown in Figure 11- 
32. 


The Hyoid Bone 

The hyoid bone is U-shaped and consists of a body 
and two greater and two lesser cornua (Fig. 11-32). 
It is attached to the skull by the stylohyoid ligament 
and to the thyroid cartilage by the thyrohyoid 
membrane. It is very mobile and lies in the neck 
just above the larynx and below the mandible. The 
hvoid bone forms a base for the tongue and is sus¬ 
pended in position by muscles that connect it to the 
mandible, to the styloid process of the temporal 
bone, to the thyroid cartilage, to the sternum, and 
to the scapula. 

The important muscles that are attached to the 
hyoid bone are shown in Figure 11-32. 


SUBMANDIBULAR REGION_ 

The submandibular region lies under cover of the 
body of the mandible, between the mandible and 
the hyoid bone. It contains the following struc¬ 
tures: 


Muscles 

Digastric, mylohyoid, hyoglossus, geniohyoid, ge- 
nioglossus, and styloglossus. 


Salivary Glands 

Submandibular and sublingual glands. 


Nerves 

Lingual, glossopharyngeal, hypoglossal. 


Parasympathetic Ganglion 

Submandibular ganglion. 


Blood Vessels 

Facial artery and vein and lingual artery and vein. 


Lymph Nodes 

Submandibular group of lymph nodes. 


DIGASTRIC MUSCLE (FIG. 11-33) 

The digastric muscle is described on page 720. 

MYLOHYOID (FIGS. 11-27 and 11-33) 

Origin 

This is a flat, triangular sheet of muscle, which 
arises from the whole length of the mylohyoid line 
of the mandible. 


Insertion 

The fibers run downward and forward. The pos¬ 
terior fibers are inserted into the body of the hyoid 
bone; the anterior fibers are inserted into a fibrous 
raphe, which extends from the symphysis menti to 
the body of the hyoid bone. 


Nerve Supply 

Mylohyoid branch of the inferior alveolar nerve. 


Action 

The two mylohyoid muscles form a muscular 
sheet, which supports the tongue and the floor of 
the mouth. When the mandible is fixed, they ele¬ 
vate the floor of the mouth and the hyoid bone dur¬ 
ing the first stage of swallowing. When the hyoid 
bone is fixed, it assists in the depression of the 
mandible and the opening of the mouth. 
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Fig. 11-33. (A) Submandibular and sublingual sali- 
var y ^ an d (lateral view ). (B) Coronal section 
through superficial and deep parts of submandibu¬ 
lar salivary glands. (C) Coronal section (anterior to 
B) through sublingual salivary glands and ducts of 
submandibular salivary glands. 
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HYOGLOSSUS (FIGS, 11-27 and 11-28) 

Origin 

From the upper border of the body and greater 
cornu of the hyoid bone. 


Insertion 

The muscle is quadrilateral in shape and runs up¬ 
ward deep to the mylohyoid muscle to enter the 
side of the tongue. It ends when its fibers mix with 
those of other muscles of the tongue. 


Nerve Supply 
Hypoglossal nerve. 


Action 

Depresses the tongue. 

GENIOHYOID (FIGS. 11-28 and 11-29) 

Origin 

From the inferior mental spine, behind the sym¬ 
physis menti of the mandible. 


Insertion 

It is a narrow muscle, which lies above the mylo¬ 
hyoid; it is inserted onto the anterior surface of the 
body of the hyoid bone. Its medial surface lies in 
contact with the corresponding muscle of the op¬ 
posite side. 


Nerve Supply _ 

First cervical nerve through the hypoglossal nerve. 
(See p. 733.) 


Action 

Elevates the hyoid bone and draws it forward; or 
depresses the mandible. 


GENIOGLOSSUS (FIG. 11-28) 

Origin 

From the superior mental spine, behind the svm- 
physis menti of the mandible. 


Insertion 

This is a fan-shaped muscle, which widens out as 
it extends backward into the tongue. The superior 
fibers pass to the tip of the tongue, and middle fi¬ 
bers pass to the dorsum of the tongue, and a few 
of the inferior fibers are attached to the body of the 
hyoid bone. 


Nerve Supply 
Hypoglossal nerve. 


Action 

Draws the tongue forward and protrudes the tip so 
that it points to the opposite side. The two muscles 
acting in unison protrude the tongue in the mid¬ 
line. The muscles also depress the tongue. 

STYLOGLOSSUS (FIGS. 11-14 and 11-28) 
Origin 

From the tip of the styloid process. 


Insertion 

The fibers run downward and forward on the lat¬ 
eral surface of the superior constrictor muscle. On 
reaching the interval between the superior and 
middle constrictor muscles, the styloglossus passes 
forward to enter the side of the tongue. 


Nerve Supply 

Hypoglossal nerve. 


Action 

Draws the tongue upward and backward. 
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SUBMANDIBULAR GLAND_ 

The paired submandibular glands, together with 
the paired sublingual and parotid glands and the 
numerous small glands scattered throughout the 
mouth cavity, constitute the salivary glands. 


Type and Parts of the Gland 

The submandibular gland is a large salivary gland 
and is composed of a mixture of serous and mu¬ 
cous acini, the former predominating. It lies partly 
under cover of the body of the mandible and is 
made up of a large superficial part and a small 
deep part, which are continuous with each other 
around the posterior border of the mylohyoid mus¬ 
cle (Fig. 11-33). 

The superficial part of the gland lies in the di¬ 
gastric triangle, reaching upward under cover of 
the body of the mandible. Posteriorly, it is sepa¬ 
rated from the parotid gland by the stylomandib¬ 
ular ligament. 


Relations 

Anteriorly 

The anterior belly of the digastric (Fig. 11-33). 


Posteriorly 

The stylohyoid, the posterior belly of the digastric, 
the stylomandibular ligament, and the parotid 
gland. 


Medially 

The mylohyoid, and the mylohyoid nerve and ves¬ 
sels, the hyoglossus, and the lingual and hypoglos¬ 
sal nerves (Fig. 11-27). 


Laterally 

The gland lies in contact with the submandibular 
fossa on the medial surface of the mandible. Infe- 
rolaterally, it is covered by the investing layer of 
deep cervical fascia, the platysma muscle, and 
skin. It is crossed by the cervical branch of the fa¬ 
cial nerve and facial vein. The submandibular 
lymph nodes also lie lateral to it. 


The facial artery is related to the posterior and 
superior aspects of the superficial part of the gland 
(Fig. 11-29). 

The deep part of the gland extends forward in 
the interval between the mylohyoid below and lat¬ 
erally and the hyoglossus and styloglossus medially 
(Fig. 11-33). Its posterior end is continuous with 
the superficial part of the gland around the poste¬ 
rior border of the mylohyoid muscle; its anterior 
end reaches as far as the sublingual gland. 


Relations 

Anteriorly 

The sublingual gland (Fig. 11-33). 


Posteriorly 

The stylohyoid, the posterior belly of the digastric, 
the stylomandibular ligament, and the parotid 
gland. 


Medially 

The hyoglossus and styloglossus (Fig. 11-33). 


Laterally 

The mylohyoid muscle and the superficial part of 
the gland (Fig. 11-33). 


Superiorly 

It is related superiorly to the lingual nerve and the 
submandibular ganglion; it is covered by the mu¬ 
cous membrane of the floor of the mouth. 


Inferiorly 

The hypoglossal nerve. 


Capsules of the Gland 

The submandibular gland is a lobulated mass, sur¬ 
rounded by a connective-tissue capsule. In addi¬ 
tion, the gland is partly enclosed in a dense fibrous 
capsule derived from the investing layer of deep 
cervical fascia; one layer of this fascia passes up 
from the hyoid bone, covering the inferolateral sur- 
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face of the gland, and is attached to the lower bor¬ 
der of the body of the mandible. Another, deeper 
layer passes up from the hyoid bone, covering the 
medial surface of the gland, and is attached to the 
mylohyoid line. A portion of the fascia that extends 
between the styloid process and the angle of the 
mandible is called the stylomandibular ligament 
and intervenes between the parotid and subman¬ 
dibular glands. 


Submandibular Duct 

The submandibular duct emerges from the ante¬ 
rior end of the deep part of the gland (Fig. 11-33). 
It passes forward along the side of the tongue, be¬ 
neath the mucous membrane of the floor of the 
mouth. It is crossed laterally by the lingual nerve 
and then lies between the sublingual gland and the 
genioglossus muscle (Fig. 11-28). It opens into the 
mouth on the summit of a small papilla, which is 
situated at the side of the frenulum of the tongue 
(Fig. 11-57). 

Clinically, it is important to remember that the 
submandibular duct and the deep part of the gland 
can be readily palpated through the mucous mem¬ 
brane of the floor of the mouth alongside the 
tongue. Saliva can usually be seen emerging from 
the orifice of the duct. 


Blood Supply 

The arteries are branches of the facial and lingual 
arteries. The veins drain into the facial and lingual 
veins. 


Lymph Drainage 

The lymph vessels drain into the submandibular 
and deep cervical lymph nodes. 


Nerve Supply _ 

Parasympathetic secretomotor supply from the su¬ 
perior salivary nucleus of the seventh cranial nerve. 
The nerve fibers pass to the submandibular gan¬ 
glion and other small ganglia close to the duct via 
the chorda tympani nerve and the lingual nerve. 
Postganglionic parasympathetic fibers reach the 
gland either directly or along the duct. 


Postganglionic sympathetic fibers reach the 
gland as a plexus of nerves around the facial and 
lingual arteries. 


SUBLINGUAL GLAND 

The sublingual gland is the smallest of the three 
main salivary glands (Fig. 11-33). It lies beneath 
the mucous membrane of the floor of the mouth, 
close to the midline. It contains both serous and 
mucous acini, the latter predominating. 


Relations 

Anteriorly 

The gland of the opposite side. 


Posteriorly 

The deep part of the submandibular gland (Fig. 11- 
33). 


Medially 

The genioglossus muscle, the lingual nerve, and the 
submandibular duct (Fig. 11-28). 


Laterally 

The gland is related laterally to the sublingual fossa 
of the medial surface of the mandible. 


Superiorly 

The mucous membrane of the floor of the mouth, 
which is elevated by the gland to form the sublin¬ 
gualfold (Fig. 11-57). 


Inferiorly 

The gland is supported by the mylohyoid muscle 
(Fig. 11-33). 


Sublingual Ducts 

The sublingual ducts are eight to twenty in num¬ 
ber. The majority open into the mouth on the sum¬ 
mit of the sublingual fold (Fig. 11-57), but a few 
may open into the submandibular duct. 
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Blood Supply_ 

The gland is supplied by branches of the facial and 
lingual arteries. The veins drain into the facial and 
lingual veins. 


Lymph Drainage 

The lymph vessels drain into the submandibular 
and the deep cervical lymph nodes. 


Nerve Supply 

Parasympathetic secretomotor supply from the su¬ 
perior salivary nucleus of the seventh cranial nerve. 
The nerve fibers pass to the submandibular gan¬ 
glion via the chorda tympani nerve and the lingual 
nerve. Postganglionic parasympathetic fibers pass 
to the gland via the lingual nerve. 

Postganglionic sympathetic fibers reach the 
gland as a plexus of nerves around the facial and 
lingual arteries. 


LINGUAL NERVE 

The lingual nerve is a branch of the posterior divi¬ 
sion of the mandibular nerve in the infratemporal 
fossa (See p. 767.) It enters the submandibular re¬ 
gion by passing forward and medially beneath the 
lower border of the superior constrictor muscle of 
the pharynx, related medially to the styloglossus 
muscle and laterally to the lower third molar tooth 
(Fig. 11-27). The nerve then passes forward on the 
lateral surface of the hyoglossus (Fig. 11-28), above 
the deep part of the submandibular gland; at the 
anterior margin of the hyoglossus, it passes down¬ 
ward, crossing the lateral surface of the subman¬ 
dibular duct, and then, winding below it, passes 
upward and forward on its medial side (Fig. 11- 
28). The nerve now lies under cover of the sublin¬ 
gual gland on the lateral surface of the genio- 
glossus muscle. It ends by dividing into terminal 
branches, which supply the mucous membrane of 
the anterior two-thirds of the tongue and the floor 
of the mouth. 

The lingual nerve is joined by the chorda tym¬ 
pani nerve in the infratemporal fossa. (See p. 768.) 


Branches 

1. Ganglionic branches . Parasympathetic secreto¬ 
motor fibers from the superior salivary nucleus 
of the seventh cranial nerve join the lingual nerve 
from the chorda tympani (Fig. 11-28). The pre¬ 
ganglionic fibers leave the lingual nerve, and the 
majority pass to the submandibular ganglion; 
others pass to other smaller ganglia in the re¬ 
gion. Postganglionic fibers pass to the subman¬ 
dibular salivary gland. Those fibers passing to 
the sublingual gland do so directly, or reach the 
gland via branches of the lingual nerve. 

2. Sensory branches. The terminal branches of the 
lingual nerve are distributed to the mucous 
membrane of the anterior two-thirds of the 
tongue and the floor of the mouth and the lin¬ 
gual surface of the gums (the circumvallate pa¬ 
pillae are supplied by the glossopharyngeal 
nerve). Common sensation passes to the central 
nervous system via the mandibular and trige¬ 
minal nerves. The special taste fibers leave the 
lingual nerve in the chorda tympani and reach 
the central nervous system in the facial nerve. 

3. Communicating branches. These connect the 
nerve to the hypoglossal nerve on the side of the 
tongue. 


SUBMANDIBULAR GANGLION 

The submandibular ganglion is a small parasym¬ 
pathetic ganglion, situated on the lateral surface of 
the hyoglossus muscle (Fig. 11-28). It lies below the 
lingual nerve and above the submandibular duct. 
The ganglion is connected to the lingual nerve by 
several branches; other branches pass to the sub¬ 
mandibular salivary gland. 

Preganglionic parasympathetic fibers reach the 
ganglion from the superior salivary nucleus of the 
seventh cranial nerve via the chorda tympani and 
lingual nerves. The preganglionic fibers synapse 
within the ganglion, and the postganglionic fibers 
pass to the submandibular salivary gland, to which 
they are secretomotor. Other postganglionic secre¬ 
tomotor fibers pass to the sublingual salivary gland 
and small salivary glands in the mouth. They do so 
by returning to the lingual nerve and traveling with 
the branches of the nerve to reach the glands. 
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A few postganglionic sympathetic fibers pass 
without interruption through the ganglion. 

Smaller parasympathetic ganglia are also pres¬ 
ent in this region. They fictye similar connections 
and are found along the submahdibular. duct or in 
the substance of the submandibular gland. 


GLOSSOPHARYNGEAL NERVE 

The glossopharyngeal nerve descends in the neck 
within the carotid sheath. (See p. 722.) It then 
winds forward around the stylophaiyngeus muscle 
and passes between the superior and middle con¬ 
strictor muscles (Fig. 11-28). The lingual branch of 
the nerve (see below) enters the submandibular re- 
gion. 


Branches 

1. The tympanic branch is described on page 836. 

2. The carotid branch to the carotid sinus and ca¬ 
rotid body is described on page 724. 

3. The muscular branch supplies the stylopharyn- 
geus muscle (Fig. 11-28). 

4. The pharyngeal branches unite on the outer sur¬ 
face of the middle constrictor muscle with the 
pharyngeal branch of the vagus and the pharyn¬ 
geal branch of the sympathetic trunk, to form 
the pharyngeal plexus. By means of these 
branches, the glossopharyngeal nerve gives sen¬ 
sory fibers to the mucous membrane of the 
pharynx, tonsil, and soft palate. 

5. The lingual branch supplies general sensory and 
special taste fibers to the mucous membrane of 
the posterior third of the tongue and the circum- 
vallate papillae region of the anterior part of the 
tongue. (See p. 842.) The lingual branch enters 
the tongue below the styloglossus muscle (Fig. 
11-28)/ 


HYPOGLOSSAL NERVE_ 

The hypoglossal nerve descends in the carotid 
sheath in front of the vagus nerve. On reaching the 
lower border of the posterior belly of the digastric 
(Fig. 11-13), it loops forward around the occipital 
arteiy. (See p. 732.) It now crosses the loop of the 
lingual arteiy, just above the tip of the greater 
cornu of the hyoid bone, and runs forward on the 


surface of the hyoglossus (Fig. 11-14). Having 
passed deep to the posterior belly of the digastric 
and the stylohyoid, it runs superior to the posterior 
margin of the mylohyoid between the mylohyoid 
and the hyoglossus (Fig. 11-27). It lies below the 
deep part of the submandibular gland, the sub¬ 
mandibular duct, and the lingual nerve (Fig. 11- 
28). At the anterior margin of the hyoglossus, it 
curves upward toward the tip of the tongue, sup- 
phi ng branches to the muscles. 


Branches in the Submandibular Region 

1. The nerve to the thyrohyoid (first cervical nerve 
fibers; see p. 733). 

2. The nerve to the geniohyoid (first cervical nerve 
fibers; see p. 733). 

3. Muscular branches to all the muscles of the 
tongue except the palatoglossus, which is sup¬ 
plied by the pharyngeal plexus. It thus supplies 
the styloglossus, the hyoglossus, the genioglos- 
sus, and the intrinsic muscles of the tongue. 

4. Communicating branch. The hypoglossal nerve 
communicates with the lingual nerve on the side 
of the tongue. 


FACIAL ARTERY 

The facial artery arises from the external carotid 
artery just above the tip of the greater cornu of the 
hyoid bone. (See p. 726.) Having passed deep to the 
posterior belly of the digastric and the stylohyoid, 
it arches upward (Fig. 11-29) and grooves the pos¬ 
terior border of the submandibular salivary gland. 
It then turns downward between the gland and the 
medial surface of the mandible. On reaching the 
lower border of the body of the mandible, it hooks 
around it, to enter the face at the anterior margin 
of the masseter muscle. Its further course in the 
face has been described on page 751. 


Branches in the Submandibular Region 

1. Ascending palatine arteiy. This ascends along¬ 
side the pharynx, to reach the base of the skull 
(Fig. 11-29). ' 

2. Tonsillar artery. This arteiy perforates the supe¬ 
rior constrictor muscle and provides the tonsil 
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with its main blood supply (Figs. 11-29 and 11- 
GO). 

3. Glandular arteries supply the submandibular 
salivary gland. 

4. Submental artery. This artery runs forward 
along the lower border of the body of the man¬ 
dible to supply the region of the chin and lower 
lip. 


FACIAL VEIN 

The facial vein leaves the face by crossing the lower 
margin of the body of the mandible behind the fa¬ 
cial artery. It is joined by the anterior division of 
the retromandibular vein (Fig. 11-16), crosses the 
loop of the lingual artery, and drains into the in¬ 
ternal jugular vein. 


LINGUAL ARTERY 

The lingual artery arises from the external carotid 
artery just below the tip of the greater cornu of the 
hyoid bone. (See p. 726.) It runs forward, forming 
an upward loop, which is crossed by the hypoglos¬ 
sal nerve (Fig. 11-27). It then passes deep to the 
posterior margin of the hyoglossus, proceeds for¬ 
ward deep to that muscle, and finally turns up¬ 
ward to supply the tip of the tongue (Fig. 11-28). 


Branches 

1. The dorsal lingual branches are two or three in 
number and ascend to the dorsum of the tongue. 

2. The sublingual artery supplies the sublingual 
salivary gland and neighboring structures. 


LINGUAL VEINS 

The dorsal lingual veins join to form the lingual 
vein. A deep lingual vein joins the sublingual vein 
to form a vein that follows the hypoglossal nerve. 
Ultimately, all the veins drain into the internal jug¬ 
ular vein. 


LYMPH NODES_ 

The submandibular lymph nodes are situated on 
the superficial surface of the submandibular sali¬ 


vary gland (Fig. 11-19). They are fully described on 
page 742. 


THE SKULL 

The skull is composed of a number of separate 
bones united at immobile joints called sutures. The 
connective tissue between the bones is called a su¬ 
tural ligament. The mandible is an exception to this 
rule, for it is united to the skull by the mobile tem¬ 
poromandibular joint. (See p. 768.) 

The bones of the skull may be divided into those 
of the cranium and those of the face. The vault is 
the upper part of the cranium, and the base of the 
skull is the lowest part of the cranium (Figs. 11-34 
and 11-35). 

The skull bones are made up of external and in¬ 
ternal tables of compact bone, separated by a layer 
of spongy bone, called the diploe (Fig. 11-20). The 
internal table is thinner and more brittle than the 
external table. The bones are covered on the outer 
and inner surfaces with periosteum; the outer layer 
is referred to as the pericranium and the inner cov¬ 
ering as the endocranium. 

The cranium consists of the following bones, two 
of which are paired (Figs. 11-34 through 11-36): 


Frontal bone 1 

Parietal bones 2 

Occipital bone 1 

Temporal bones 2 

Sphenoid bone 1 

Ethmoid bone 1 

The facial bones consist of the following, two of 
which are single: 

Zygomatic bones 2 

Maxillae 2 

Nasal bones 2 

Lacrimal bones 2 

Vomer 1 

Palatine bones 2 

Inferior conchae 2 

Mandible 1 


It is unnecessary for a student of medicine to 
know the detailed structure of each individual skull 
bone. However, he should be familiar with the 
skull as a whole and should have a dried skull 
available for reference as he is reading the follow¬ 
ing description. 
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Fig. 11-34. Anterior aspect of skull 
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Fig. 11-36. Bones of the lateral aspect of skull. 
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Anterior View of Skull (Figs. 11-34 
and 11-33) 


Th efrontal bone curves downward to make the up¬ 
per margins of the orbits. The superciliary arches 
can be seen on either side, and the supraorbital 
notch, or foramen, can be recognized. Medially, the 
frontal bone articulates with the frontal processes 
of the maxillae and with the nasal bones. Laterally, 
the frontal bone articulates with the zygomatic 
bone. 

The orbital margins are bounded by the frontal 
bone superiorly, the zygomatic bone laterally, the 
maxilla inferiorly, and the processes of the maxilla 
and frontal bone medially. 

Within the frontal bone, just above the orbital 
margins, are two hollow spaces lined with mucous 
membrane, called the frontal air sinuses. 

The two nasal bones form the bridge of the nose. 
Their lower borders, with the maxillae, make the 
anterior nasal aperture. The nasal cavity is divided 
into two by the bony nasal septum, which is largely 
formed by the vomer. The superior and middle con- 
chae jut into the nasal cavity from the ethmoid on 
each side; the inferior conchae are separate bones. 

The two maxillae form the upper jaw, the ante¬ 
rior part of the hard palate, part of the lateral walls 
of the nasal cavities, and part of the floors of the 
orbital cavities. The two bones meet in the midline 
at the intermaxillary suture and form the lower 
margin of the nasal aperture. Below the orbit the 
maxilla is perforated by the infraorbital foramen. 
The alveolar process projects downward and, to¬ 
gether with the fellow of the opposite side forms 
the alveolar arch, which carries the upper teeth. 
Within each maxilla is a large pyramid-shaped cav¬ 
ity lined with mucous membrane, called the max¬ 
illary sinus. 

The zygomatic bom forms the prominence of the 
cheek and part of the lateral wall and floor of the 
orbital cavity. Medially, it articulates with the max¬ 
illa, and laterally, it articulates with the zygomatic 
process of the temporal bone to form the zygomatic 
arch. The zygomatic bone is perforated by two for¬ 
amina for the zygomaticofacial and zygomatico¬ 
temporal nerves. 

The mandible, or lower jaw, consists of a hori¬ 
zontal body and two vertical rami (for details, see 
p. 772); the body joins the ramus at the angle of the 


mandible. The mental foramen opens onto the an¬ 
terior surface of the body of the mandible, below 
the second premolar tooth. The upper border of the 
mandible, the alveolar part, carries the lower teeth. 


Lateral View of Skull (Fig. 11-36) 

The frontal bone forms the anterior part of the side 
of the skull and articulates with the parietal bone 
at the coronal suture. 

The parietal bones form the sides and roof of the 
cranium and articulate with each other in the mid¬ 
line at the sagittal suture. They articulate with the 
occipital bone behind, at the lambdoid suture. 

The skull is completed from the side by the squa¬ 
mous part of the occipital bom; parts of the tem¬ 
poral bone, namely, the squamous, tympanic, mas¬ 
toid process, styloid process, and zygomatic process; 
and the greater wing of the sphenoid. The ramus 
and body of the mandible lie inferiorly. 

Note that the thinnest part of the lateral wall of 
the skull is where the antero-inferior corner of the 
parietal bone articulates with the greater wing of 
the sphenoid; this point is referred to as the pterion. 

Clinically, the pterion is a very important area, 
since it overlies the anterior division of the middle 
meningeal artery and vein. On the outer surface of 
the skull, the pterion lies about 1 inch (2.5 cm) be¬ 
hind the frontal process of the zygomatic bone and 
about IV 2 inches (4 cm) above the zygomatic arch. 

Identify the superior and inferior temporal lines, 
which begin as a single line from the posterior 
margin of the zygomatic process of the frontal 
bone and diverge as they arch backward. The tem¬ 
poral fossa lies below the inferior temporal line. 
The lower limit of the temporal fossa is the infra¬ 
temporal crest of the greater wing of the sphenoid, 
which is level with the upper border of the zygo¬ 
matic arch. 

The infratemporal fossa lies below the infratem¬ 
poral crest on the greater wing of the sphenoid. 
The pterygomaxillary fissure is a vertical fissure 
that lies within the fossa between the pterygoid 
process of the sphenoid bone and back of the max¬ 
illa. It leads medially into the pterygopalatine fossa. 

The inferior orbital fissure is a horizontal fissure 
between the greater wing of the sphenoid bone and 
the maxilla. It leads forward into the orbit. 

The pterygopalatine fossa is a small space be¬ 
hind and below the orbital cavity. It communicates 
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laterally with the infratemporal fossa through the 
pterygomaxillaiy fissure, medially with the nasal 
cavity through the sphenopalatine foramen, supe¬ 
riorly with the skull through the foramen rotun- 
dum, and anteriorly with the orbit through the in¬ 
ferior orbital fissure. 


Posterior View of Skull (Fig. 11-37) 

The posterior parts of the two parietal bones with 
the intervening sagittal suture are seen above. Be¬ 
low, the parietal bones articulate with the squa¬ 
mous part of the occipital bone at the lambdoid 
suture. On each side the occipital bone articulates 
with the temporal bone. In the midline of the oc¬ 
cipital bone is a roughened elevation called the ex¬ 
ternal occipital protuberance, which gives attach¬ 
ment to muscles and the ligamentum nuchae. On 
either side of the protuberance the superior nuchal 
lines extend laterally toward the temporal bone. 


Superior View of Skull (Fig. 11-37) 

Anteriorly, the frontal bone articulates with the 
two parietal bones at the coronal suture. Occasion¬ 
ally, the two halves of the frontal bone fail to fuse, 
leaving a midline metopic suture. Behind, the two 
parietal bones articulate in the midline at the sag¬ 
ittal suture. The center of the parietal bone forms 
a small eminence, the parietal eminence. 


Inferior View of Skull (Fig. 11-38) 

If the mandible is discarded, the anterior part of 
this aspect of the skull is seen to be formed by the 
hard palate. 

The palatal processes of the maxillae and the 
horizontal plates of the palatine bones can be iden¬ 
tified. In the midline anteriorly is the incisive fossa 
and foramen. Posterolaterally are the greater and 
lesser palatine foramina. 

Above the posterior edge of the hard palate are 
the choanae (posterior nasal apertures). These are 
separated from each other by the posterior margin 
of the vomer and are bounded laterally by the me¬ 
dial pterygoid plates of the sphenoid bone. The in¬ 
ferior end of the medial pterygoid plate is pro¬ 
longed as a curved spike of bone, the pterygoid 
hamulus. The superior end widens to form the 
scaphoid fossa. 


Posterolateral to the lateral pterygoid plate, the 
greater wing of the sphenoid is pierced by the large 
foramen ovale and the small foramen spinosum. 
Posterolateral to the foramen spinosum is the spine 
of the sphenoid. Above the medial border of the 
scaphoid fossa, the sphenoid bone is pierced by the 
pterygoid canal. 

Behind the spine of the sphenoid, in the interval 
between the greater wing of the sphenoid and the 
petrous part of the temporal bone, there is a groove 
for the cartilaginous part of the auditoiy tube. The 
opening of the bony part of the tube can be iden¬ 
tified. 

The mandibular fossa of the temporal bone and 
the articular tubercle form the upper articular sur¬ 
faces for the temporomandibular joint. Separating 
the mandibular fossa from the tympanic plate pos¬ 
teriorly is the squamotympanicfissure, through the 
medial end of which (petrotympanic fissure) the 
chorda tvmpani exits from the tympanic cavity. 

The styloid process of the temporal bone projects 
downward and forward from its inferior aspect. 
The opening of the carotid caned can be seen on 
the inferior surface of the petrous part of the tem¬ 
poral bone. 

The medial end of the petrous part of the tem¬ 
poral bone is irregular and, together with the bas¬ 
ilar part of the occipital bone and the greater wing 
of the sphenoid, forms the foramen lacerum. Dur¬ 
ing life, the foramen lacerum is closed with fibrous 
tissue, and only a few very small vessels pass 
through this foramen from the cavity of the skull 
to the exterior. 

The tympanic plate, which forms part of the 
temporal bone, is C-shaped on section and forms 
the bony part of the external auditoiy meatus. 
While examining this region, identify the supra- 
meatal crest on the lateral surface of the squamous 
part of the temporal bone, the suprameatal trian¬ 
gle, and the suprameatal spine. 

In the interval between the styloid and mastoid 
processes, the stylomastoid foramen can be seen. 
Medial to the styloid process, the petrous part of 
the temporal bone has a deep notch, which, to¬ 
gether with a shallower notch on the occipital 
bone, forms the jugular foramen. 

Behind the posterior apertures of the nose and in 
front of the foramen magnum are the sphenoid 
bone and the basilar part of the occipital bone. The 
phaiyngeal tubercle is a small prominence on the 
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Fig. 11-38. Inferior surface of base of skull. 


Fig. 11-37. Bones of the skull viewed from (A) pos¬ 
terior aspect and (B) superior aspect. 
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undersurface of the basilar part of the occipital 
bone in the midline. 

The occipital condyles should be identified; they 
articulate with the superior aspect of the lateral 
mass of the atlas. Superior to the summit of the 
occipital condyle is the hypoglossal canal for trans¬ 
mission of the hypoglossal nerve. This must not be 
confused with a small canal that is sometimes 
present behind the occipital condyle, called the 
condylar canal. If present, this transmits an emis¬ 
sary vein. 

Posterior to the foramen magnum in the midline 
is the external occipital crest, which runs upward 
and backward to the external occipital protuber¬ 
ance. The inferior and superior nuchal lines should 
be identified as they curve laterally on each side. 


Neonatal Skull (Fig. 11-40) 

The neonatal skull, when compared with the adult 
skull, shows a disproportionately large size of the 
cranium relative to the face. In childhood, the 
growth of the mandible, the maxillary sinuses, and 
the alveolar processes of the maxillae results in a 
great increase in length of the face. 

The bones of the skull are smooth and unilami- 
nar, there being no diploe present. Most of the skull 
bones are ossified at birth, but the process is in¬ 
complete, and the bones are mobile on each other, 
being connected by fibrous tissue or cartilage. The 
bones of the vault are ossified in membrane; 
the bones of the base are ossified in cartilage. The 
bones of the vault are not closely knit at sutures, as 
in the adult, but are separated by unossified mem¬ 
branous intervals called fontanelles. Clinically, the 
anterior and posterior fontanelles are most impor¬ 
tant and are easily examined in the midline of the 
vault. 

The anterior fontanelle is bounded by the two 
halves of the frontal bone in front and the two pa¬ 
rietal bones behind (Fig. 11-40). By the age of 18 
months it is very small and no longer clinically 
palpable. The posterior fontanelle is bounded by 
the two parietal bones in front and the occipital 
bone behind. By the end of the first year it can no 
longer be palpated. 

The tympanic part of the temporal hone is 
merely a C-shaped ring at birth, compared with a 
C-shaped curved plate in the adult. This means 
that the external auditory meatus is almost entirely 


cartilaginous in the newborn, and the tympanic 
membrane is nearer the surface. Although the tym¬ 
panic membrane is nearly as large as in the adult, 
it faces more inferiorly. During childhood the tym¬ 
panic plate grows laterally, forming the bony part 
of the meatus, and the tympanic membrane comes 
to face more directly laterally. 

The mastoid process is not present at birth (Fig. 
11-40) and develops later in response to the pull of 
the sternocleidomastoid muscle when the child 
moves his head. 

At birth, the mastoid antrum lies about 3 mm 
deep to the floor of the suprameatal triangle. As the 
growth of the skull continues, the lateral bony wall 
thickens, so that at puberty the antrum may lie as 
much as 15 mm from the surface. 

The mandible has right and left halves at birth, 
united in the midline with fibrous tissue. The two 
halves fuse at the symphysis mend by the end of 
the first year. 

The angle of the mandible at birth is obtuse (Fig. 
11-40), the head being placed level with the upper 
margin of the body, and the coronoid process lying 
at a superior level to the head. It is only after erup¬ 
tion of the permanent teeth that the angle of the 
mandible assumes the adult shape and the head 
and neck grow, so that the head comes to lie higher 
than the coronoid process. 

In old age, the size of the mandible is reduced 
when the teeth are lost. As the alveolar part of the 
bone becomes smaller, the ramus becomes oblique 
in position so that the head is bent posteriorly. 


The Cranial Cavity 

The cranial cavity contains the brain and its sur¬ 
rounding meninges, portions of the cranial nerves, 
arteries, veins, and venous sinuses. 


Vault of the Skull 

The internal surface of the vault shows the coronal, 
sagittal, and lambdoid sutures. It is interesting to 
note that they are less tortuous on the inside than 
on the outside of the skull. In the midline a shallow 
sagittal groove is present that lodges the superior 
sagittal sinus. On each side of the groove are a 
number of small pits, called granular pits, which 
lodge the lateral lacunae and arachnoid granula¬ 
tions. (See p. 800.) A small foramen is commonly 
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Fig. 11-39. Internal surface of base of skull. 
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Fig. 11-40. Neonatal skull: (A) anterior aspect and 
(B) lateral aspect. 
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present, which perforates each parietal bone at the 
side of the sagittal groove; it transmits an emissary 
vein from the superior sagittal sinus. A number of 
narrow grooves are present for the anterior and 
posterior divisions of the middle meningeal vessels 
as they pass up the side of the skull to the vault. 


Base of the Skull (Fig. 11-39) 

The interior of the base of the skull, for ease of de¬ 
scription, is conveniently divided into three cranial 
fossae: anterior, middle, and posterior. 


ANTERIOR CRANIAL FOSSA 

The anterior cranial fossa lodges the frontal lobes 
of the cerebral hemispheres. It is bounded ante¬ 
riorly by the inner surface of the frontal bone and 
in the midline there is a crest for the attachment of 
the falx cerebri. Its posterior boundary is the sharp 
lesser wing of the sphenoid, which articulates lat¬ 
erally with the frontal bone and meets the anterior 
inferior angle of the parietal bone, or pterion. The 
medial end of the lesser wing of the sphenoid 
forms the anterior clitioid process on each side, 
which gives attachment to the tentorium cerebelli. 
The median part of the anterior cranial fossa is 
limited posteriorly by the groove for the optic 
chiasma. 

The floor of the fossa is formed by the ridged 
orbital plates of the frontal bone laterally and by 
the cribriform plate of the ethmoid medially (Fig. 
11-39). The crista galli is a sharp upward projec¬ 
tion of the ethmoid bone in the midline, for the 
attachment of the falx cerebri. Between the crista 
galli and the crest of the frontal bone is a small 
aperture, the foramen cecum, for the transmission 
of a small vein from the nasal mucosa to the su¬ 
perior sagittal sinus. Alongside the crista galli is a 
narrow slit in the cribriform plate for the passage 
of the anterior ethmoidal nerve into the nasal cav¬ 
ity. The upper surface of the cribriform plate sup¬ 
ports the olfactory bulbs, and the small perfora¬ 
tions in the cribriform plate are for the olfactory 
nerves. 


MIDDLE CRANIAL FOSSA 

The middle cranial fossa consists of a small me¬ 
dian part and expanded lateral parts (Fig. 11-39). 


The median raised part is formed by the body of 
the sphenoid, and the expanded lateral parts form 
concavities on either side, which lodge the tem¬ 
poral lobes of the cerebral hemispheres. 

It is bounded anteriorly by the lesser wings of the 
sphenoid and posteriorly by the superior borders of 
the petrous parts of the temporal bones. Laterally 
lie the squamous parts of the temporal bones, the 
greater wings of the sphenoid, and the parietal 
bones. 

The floor of each lateral part of the middle cra¬ 
nial fossa is formed by the greater wing of the 
sphenoid and the squamous and petrous parts of 
the temporal bone. 

Anteriorly, the optic canal transmits the optic 
nerve and the ophthalmic artery, a branch of the 
internal carotid artery, to the orbit. The superior 
orbital fissure, which is a slitlike opening between 
the lesser and greater wings of the sphenoid, trans¬ 
mits the lacrimal, the frontal, the trochlear, the oc¬ 
ulomotor, the nasociliary, and the abducent nerves, 
together with the superior ophthalmic vein. The 
sphenoparietal venous sinus runs medially along 
the posterior border of the lesser wing of the sphe¬ 
noid and drains into the cavernous sinus. 

Th eforamen rotundum, which is situated behind 
the medial end of the superior orbital fissure, per¬ 
forates the greater wing of the sphenoid and trans¬ 
mits the maxillary nerve from the trigeminal gan¬ 
glion to the pterygopalatine fossa. 

The foramen ovale lies posterolateral to the for¬ 
amen rotundum (Fig. 11-39). It perforates the 
greater wing of the sphenoid and transmits the 
large sensory root and small motor root of the tri¬ 
geminal nerve to the infratemporal fossa; the lesser 
petrosal nerve also passes through it. 

The small foramen spinosum lies posterolateral 
to the foramen ovale and also perforates the 
greater wing of the sphenoid. The foramen trans¬ 
mits the middle meningeal artery from the infra¬ 
temporal fossa (see p. 768) into the cranial cavity. 
The artery then runs forward and laterally in a 
groove on the upper surface of the squamous part 
of the temporal bone and the greater wing of the 
sphenoid (Fig. 11-49). After a short distance the ar¬ 
tery divides into anterior and posterior branches. 
The anterior branch passes forward and upward to 
the anterior inferior angle of the parietal bone (Fig. 
11-1). Here, the bone is deeply grooved or tunneled 
by the artery for a short distance before it runs 
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backward and upward on the parietal bone. It is at 
this site that the artery may be damaged following 
a blow to the side of the head. The posterior branch 
passes backward and upward across the squamous 
part of the temporal bone to reach the parietal 
bone. 

The large and irregularly shaped foramen la- 
cerum lies between the apex of the petrous part of 
the temporal bone and the sphenoid bone (Fig. 11- 
39). The inferior opening of the foramen lacerum 
in life is filled by cartilage and fibrous tissue, and 
only very small blood vessels pass through this tis¬ 
sue from the cranial cavity to the neck. 

The carotid canal opens into the side of the fo¬ 
ramen lacerum above the closed inferior opening. 
The internal carotid artery enters the foramen 
through the carotid canal and immediately turns 
upward to reach the side of the body of the sphe¬ 
noid bone. Here, the artery turns forward in the 
cavernous sinus to reach the region of the anterior 
clinoid process. At this point the internal carotid 
artery turns vertically upward, medial (Fig. 11-49) 
to the anterior clinoid process, and emerges from 
the cavernous sinus. (See p. 807.) 

Lateral to the foramen lacerum is an impression 
on the apex of the petrous part of the temporal 
bone for the trigeminal ganglion . On the anterior 
surface of the petrous bone are two grooves for 
nerves; the largest medial groove is for the greater 
petrosal nerve , a branch of the facial nerve; the 
smaller lateral groove is for the lesser petrosal 
nerve , a branch of the tympanic plexus. The greater 
petrosal nerve enters the foramen lacerum deep to 
the trigeminal ganglion and joins the deep petrosal 
nerve (sympathetic fibers from around the internal 
carotid artery), to form the nerve of the pterygoid 
caned. The lesser petrosal nerve passes forward to 
the foramen ovale. 

The abducent nerve bends sharply forward 
across the apex of the petrous bone, medial to the 
trigeminal ganglion. It is here that it leaves the pos¬ 
terior cranial fossa and enters the cavernous sinus. 

The arcuate eminence is a rounded eminence 
found on the anterior surface of the petrous bone 
and is caused by the underlying superior semicir¬ 
cular canal. 

The tegmen tympani is a thin plate of bone, 
which is a forward extension of the petrous part of 
the temporal bone and adjoins the squamous part 
of the bone (Fig. 11-39). From behind forward, it 


forms the roof of the mastoid antrum, the tym¬ 
panic cavity, and the auditory tube. It is important 
to realize that this thin plate of bone is the only 
major barrier that separates infection in the tym¬ 
panic cavity from the temporal lobe of the cerebral 
hemisphere (Fig. 11-56). 

The median part of the middle cranial fossa is 
formed by the body of the sphenoid bone (Fig. 11- 
39). In front is the sulcus chiasmatis, which is re¬ 
lated to the optic chiasma and leads laterally to the 
optic canal on each side. Posterior to the sulcus is 
an elevation, the tuberculum sellae. Behind the el¬ 
evation is a deep depression, the sella turcica , 
which lodges the hypophysis cerebri. The sella tur¬ 
cica is bounded posteriorly by a square plate of 
bone called the dorsum sellae. The superior angles 
of the dorsum sellae have two tubercles, called the 
posterior clinoid processes , which give attachment 
to the fixed margin of the tentorium cerebelli. 

The cavernous sinus is directly related to the side 
of the body of the sphenoid (Figs. 11-41 and 11-42). 
It carries in its lateral wall the third and fourth 
cranial nerves and the ophthalmic and maxillary 
divisions of the fifth cranial nerve (Fig. 11-43). The 
internal carotid artery and the sixth cranial nerve 
pass forward through the sinus. 


POSTERIOR CRANIAL FOSSA 

The posterior cranial fossa is very deep and lodges 
the parts of the hindbrain, namely, the cerebellum , 
pons, and medulla oblongata. Anteriorly, the fossa 
is bounded by the superior border of the petrous 
part of the temporal bone, and posteriorly it is 
bounded by the internal surface of the squamous 
part of the occipital bone (Fig. 11-39). The floor of 
the posterior fossa is formed by the basilar, con¬ 
dylar, and squamous parts of the occipital bone 
and the mastoid part of the temporal bone. 

The roof of the fossa is formed by a fold of dura, 
the tentorium cerebelli , which intervenes between 
the cerebellum below and the occipital lobes of the 
cerebral hemispheres above (Fig. 11-42). 

The foramen magnum occupies the central area 
of the floor and transmits the medulla oblongata 
and its surrounding meninges, the ascending spi¬ 
nal parts of the accessory nerves, and the two ver¬ 
tebral arteries. 

The hypoglossal canal is situated above the an- 
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Fig. 11-41. Interior of skull, showing dura mater 
and its contained venous sinuses. Note connections 
of veins of scalp with veins of face and venous sin¬ 
uses • 


terolateral boundary of the foramen magnum (Fig. 
11-39) and transmits the hypoglossal nerve. 

The jugular foramen lies between the lower bor¬ 
der of the petrous part of the temporal bone and 
the condylar part of the occipital bone. It transmits 
the following structures from before backward: the 
inferior petrosal sinus, the ninth, tenth, and elev¬ 
enth cranial nerves, and the large sigmoid sinus. 
The inferior petrosal sinus descends in the groove 
on the lower border of the petrous part of the tem¬ 
poral bone, to reach the foramen. The sigmoid 


sinus turns down through the foramen to become 
the internal jugular vein . 

The internal acoustic meatus pierces the poste¬ 
rior surface of the petrous part of the temporal 
bone. It transmits the vestibulocochlear nerve and 
the motor and sensory roots of the facial nerve. 

The condylar canal is sometimes present just lat¬ 
eral to the foramen magnum, and an emissary vein 
passes through it. 

The internal occipital crest runs upward in the 
midline posteriorly from the foramen magnum to 
the internal occipital protuberance; to it is attached 
the small falx cerebelli over the occipital sinus. 

On each side of the internal occipital protuber¬ 
ance there is a wide groove for the transverse sinus 
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Fig. 11-42. Diaphragma sellae and tentorium cere- 
belli. Note position of venous sinuses. 


Fig. 11-43. (A) Forebrain has been removed, leaving 
midbrain, hvpophysis cerebri, and internal carotid 
and basilar arteries in position. (B) Sagittal section 
through sella turcica, showing hypophysis cerebri. 
(C) Coronal section through body of sphenoid, 
showing hypophysis cerebri and cavernous si¬ 
nuses. Note position of cranial nerves. 
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(Fig. 11-39). This groove sweeps around on either 
side, on the internal surface of the occipital bone, 
to reach the posterior inferior angle or corner of the 
parietal bone. The groove now passes onto the 
mastoid part of the temporal bone, and it is here 
that the transverse sinus becomes the sigmoid 
sinus. The superior petrosal sinus runs backward 
along the upper border of the petrous bone in a 
narrow groove and drains into the sigmoid sinus. 
As the sigmoid sinus descends to the jugular fora¬ 
men, it deeply grooves the back of the petrous bone 
and the mastoid part of the temporal bone. Here, 
it lies directly posterior to the mastoid antrum. 


The Meninges_ 

The brain and spinal cord are surrounded by three 
membranes, or meninges: the dura mater, the 
arachnoid mater, and the pia mater. 


DURA MATER OF THE BRAIN 

The dura mater is conventionally described as two 
layers, the endosteal layer and the meningeal layer 
(Fig. 11-20). These are closely united except along 
certain lines, where they separate to form venous 
sinuses. 

The endosteal layer is nothing more than the or¬ 
dinary periosteum covering the inner surface of the 
skullbones. It does not extend through the foramen 
magnum to become continuous with the dura ma¬ 
ter of the spinal cord. Around the margins of all 
the foramina in the skull it becomes continuous 
with the periosteum on the outside of the skull 
bones. At the sutures it is continuous with the su¬ 
tural ligaments. It is most strongly adherent to the 
bones over the base of the skull. 

The meningeal layer is the dura mater proper. It 
is a dense, strong fibrous membrane covering the 
brain and is continuous through the foramen mag¬ 
num with the dura mater of the spinal cord. It pro¬ 
vides tubular sheaths for the cranial nerves as the 
latter pass through the foramina in the skull. Out¬ 
side the skull the sheaths fuse with the epineurium 
of the nerves. 

The meningeal layer sends inward four septa, 
which divide the cranial cavity into freely commu¬ 
nicating spaces lodging the subdivisions of the 


brain. The function of these septa is to restrict the 
rotatory displacement of the brain. 

The falx cerebri is a sickle-shaped fold of dura 
mater that lies in the midline between the two ce¬ 
rebral hemispheres (Figs. 11-41 and 11-44). Its nar¬ 
row end in front is attached to the internal frontal 
crest and the crista galli. Its broad posterior part 
blends in the midline with the upper surface of the 
tentorium cerebelli. The superior sagittal sinus 
runs in its upper fixed margin; the inferior sagittal 
sinus runs in its lower concave free margin; and the 
straight sinus runs along its attachment to the ten¬ 
torium cerebelli. 

The tentorium cerebelli is a crescent-shaped fold 
of dura mater that roofs over the posterior cranial 
fossa (Figs. 11-41 and 11-42). It covers the upper 
surface of the cerebellum and supports the occipi¬ 
tal lobes of the cerebral hemispheres. In front there 
is a gap, the tentorial notch, for the passage of the 
midbrain (Fig. 11-43), thus producing an inner free 
border and an outer attached or fixed border. The 
fixed border is attached to the posterior clinoid 
processes, the superior borders of the petrous 
bones, and the margins of the grooves for the trans¬ 
verse sinuses on the occipital bone. The free border 
runs forward at its two ends, crosses the attached 
border, and is affixed to the anterior clinoid process 
on each side. At the point where the two borders 
cross, the third and fourth cranial nerves pass for¬ 
ward to enter the lateral wall of the cavernous 
sinus (Fig. 11-43). 

Close to the apex of the petrous part of the tem¬ 
poral bone, the lower layer of the tentorium is 
pouched forward beneath the superior petrosal 
sinus, to form a recess for the trigeminal nerve and 
the trigeminal ganglion. 

The falx cerebri and the falx cerebelli are at¬ 
tached to the upper and lower surfaces of the ten¬ 
torium, respectively. The straight sinus runs along 
its attachment to the falx cerebri, the superior pe¬ 
trosal sinus along its attachment to the petrous 
bone, and the transverse sinus along its attachment 
to the occipital bone (Fig. 11-42). 

The^air cerebelli is a small, sickle-shaped fold of 
dura mater that is attached to the internal occipital 
crest and projects forward between the two cere¬ 
bellar hemispheres. Its posterior fixed margin con¬ 
tains the occipital sinus. 

The diaphragna sellae is a small circular fold of 
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Fig. 11-44. Sagittal section of head and neck. 
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dura mater that forms the roof for the sella turcica 
(Fig. 11-42). A small opening in its center allows 
passage of the stalk of the hypophysis cerebri (Fig. 
11-43). 


Dural Nerve Supply 

Branches of the trigeminal, vagus, and the first 
three cervical nerves and branches from the sym¬ 
pathetic system pass to the dura. 

There are numerous sensory endings in the dura. 
The dura is sensitive to stretching, which produces 
the sensation of headache. Stimulation of the sen¬ 
sory endings of the trigeminal nerve above the level 
of the tentorium cerebelli produces referred pain 
to an area of skin on the same side of the head. 
Stimulation of the dural endings below the level of 
the tentorium produces referred pain to the back 
of the neck and back of the scalp along the distri¬ 
bution of the greater occipital nerve. 


Dural Arterial Supply 

Numerous arteries supply the dura mater from the 
internal carotid, maxillary, ascending pharyngeal, 
occipital, and vertebral arteries. From the clinical 
standpoint, the most important is the middle men¬ 
ingeal artery, which is commonly damaged in head 
injuries. 

The middle meningeal artery arises from the 
maxillary artery in the infratemporal fossa. (See p. 
768.) It enters the cranial cavity and runs forward 
and laterally in a groove on the upper surface of 
the squamous part of the temporal bone (Fig. 11- 
49). In order to enter the cranial cavity, it passes 
through the foramen spinosum to lie between the 
meningeal and endosteal layers of dura. Its further 
course in the middle cranial fossa is described on 
page 793. The anterior (frontal) branch deeply 
grooves or tunnels the antero-inferior angle of the 
parietal bone, and its course corresponds roughly 
to the line of the underlying precentral gyrus of the 
brain. The posterior (parietal) branch curves back¬ 
ward and supplies the posterior part of the dura 
mater. 

The meningeal veins lie in the endosteal layer of 
dura. The middle meningeal vein follows the 
branches of the middle meningeal artery and 


drains into the pterygoid venous plexus or the j 
sphenoparietal sinus. The veins lie lateral to the ar- o 
teries. 


ARACHNOID MATER OF THE BRAIN 

\ 

The arachnoid mater is a delicate impermeable 
membrane covering the brain and lying between 
the pia mater internally and the dura mater exter¬ 
nally (Fig. 11-20). It is separated from the dura by } 
a potential space, the subdural space , and from the 
pia by the subarachnoid space , which is filled with „ 
cerebrospinal fluid. 

The arachnoid bridges over the sulci on the sur- , 
face of the brain, and in certain situations the 
arachnoid and pia are widely separated to form the 
subarachnoid cisternae. The cisterna cerebello- 
medullaris lies between the inferior surface of the 
cerebellum and the roof of the fourth ventricle. The 
cisterna ponds lies on the anterior surface of the 
pons and the medulla oblongata. The cisterna in- ~ 
terpeduncularis lies between the two cerebral pe- 1 
duncles. All the cisternae are in free communica¬ 
tion with each other and with the remainder of the 
subarachnoid space. 

In certain areas the arachnoid projects into the 
venous sinuses to form arachnoid villi. The arach¬ 
noid villi are most numerous along the superior 
sagittal sinus. Aggregations of arachnoid villi are 
referred to as arachnoid granulations (Fig. 11-20). 
Arachnoid villi serve as sites where the cerebrospi¬ 
nal fluid diffuses into the bloodstream. 

The arachnoid is connected to the pia mater 
across the fluid-filled subarachnoid space by deli¬ 
cate strands of fibrous tissue. 

It is important to remember that structures 
passing to and from the brain to the skull or its 
foramina must pass through the subarachnoid 
space. All the cerebral arteries and veins lie in the 
space, as do the cranial nerves (Fig. 11-20). The 
arachnoid fuses with the epineurium of the nerves 
at their point of exit from the skull. In the case of 
the optic nerve, the arachnoid forms a sheath for 
the nerve, which extends into the orbital cavity 
through the optic canal and fuses with the sclera 
of the eyeball (Fig. 11-52). Thus, the subarachnoid 
space extends around the optic nerve as far as the 
eyeball. (See p. 823.) 

The cerebrospinal fluid is produced by the cho- 
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roid plexuses within the lateral, third, and fourth 
ventricles of the brain. It escapes from the ventric¬ 
ular system of the brain through the three fora¬ 
mina in the roof of the fourth ventricle and so en¬ 
ters the subarachnoid space. It now circulates both 
upward over the surfaces of the cerebral hemi¬ 
spheres and downward around the spinal cord. 
The spinal subarachnoid space extends down as far 
as the second sacral vertebra (see Fig. 12-7). Even¬ 
tually, the fluid enters the bloodstream by passing 
into the arachnoid villi and diffusing through their 
walls. 

In addition to removing waste products associ¬ 
ated with neuronal activity, the cerebrospinal fluid 
provides a fluid medium in which the brain floats. 
This mechanism effectively protects the brain from 
trauma. 


PIA MATER OF THE BRAIN 

The pia mater is a vascular membrane which 
closely invests the brain, covering the gyri and de¬ 
scending into the deepest sulci (Fig. 11-20). It ex¬ 
tends over the cranial nerves and fuses with their 
epineurium. The cerebral arteries entering the sub¬ 
stance of the brain carry a sheath of pia with them. 

The pia mater forms the tela choroidea of the 
roof of the third and fourth ventricles of the brain, 
and it fuses with the ependyma to form the choroid 
plexuses in the lateral, third, and fourth ventricles 
of the brain. 


THE VENOUS BLOOD SINUSES_ 

The venous sinuses of the cranial cavity are situated 
between the layers of the dura mater (Fig. 11-20). 
They are lined by endothelium, and their walls are 
devoid of muscular tissue. They contain no valves. 
They receive tributaries from the various parts of 
the brain, from the diploe, from the orbit, and 
from the internal ear. 

The superior sagittal sinus occupies the upper 
fixed border of the falx cerebri (Fig. 11-41). It be¬ 
gins in front at the foramen cecum, where it oc¬ 
casionally receives a vein from the nasal cavity. It 
runs backward, grooving the vault of the skull, and 
at the internal occipital protuberance it deviates to 
one or the other side (usually the right) and be¬ 


comes continuous with the corresponding trans¬ 
verse sinus. The sinus communicates through 
small openings with two or three irregularly 
shaped venous lacunae on each side. Numerous 
arachnoid villi and granulations project into the la¬ 
cunae, which also receive the diploic and menin¬ 
geal veins (Fig. 11-20). 

The superior sagittal sinus receives in its course 
the superior cerebral veins. At the internal occipital 
protuberance it is dilated to form the confluence of 
the sinuses (Fig. 11-41). Here, the superior sagittal 
sinus usually becomes continuous with the right 
transverse sinus; it is connected to the opposite 
transverse sinus and receives the occipital sinus. 

The inferior sagittal sinus occupies the free lower 
margin of the falx cerebri. It runs backward and 
joins the great cerebral vein at the free margin of 
the tentorium cerebelli, to form the straight sinus 
(Fig. 11-41). It receives a few cerebral veins from 
the medial surface of the cerebral hemisphere. 

The straight sinus occupies the line of junction 
of the falx cerebri with the tentorium cerebelli (Fig. 
11-41). It is formed by the union of the inferior sag¬ 
ittal sinus with the great cerebral vein. It ends by 
turning to the left (sometimes to the right), to form 
the transverse sinus. 

The transverse sinuses are paired structures and 
begin at the internal occipital protuberance (Figs. 
11-41 and 11-42). The right sinus is usually contin¬ 
uous with the superior sagittal sinus, and the left 
is continuous with the straight sinus. Each sinus 
occupies the attached margin of the tentorium cer¬ 
ebelli, grooving the occipital bone and the postero- 
inferior angle of the parietal bone. They receive the 
superior petrosal sinuses, inferior cerebral and cer¬ 
ebellar veins, and diploic veins. They end by turn¬ 
ing downward as the sigmoid sinuses (Fig. 11-42). 

The sigmoid sinuses are a direct continuation of 
the transverse sinuses. Each sinus turns downward 
and medially and grooves the mastoid part of the 
temporal bone (Fig. 11-42). Here it lies behind the 
mastoid antrum. The sinus then turns forward and 
then downward through the posterior part of the 
jugular foramen, to become continuous with the 
superior bulb of the internal jugular vein (Fig. 11- 
56). 

The occipital sinus is a small sinus occupying the 
attached margin of the falx cerebelli. It commences 
near the foramen magnum, where it communi- 
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cates with the vertebral veins and drains into the 
confluence of sinuses. 

The cavernous sinuses are situated in the middle 
cranial fossa on each side of the body of the sphe¬ 
noid bone (Fig. 11-41). Numerous trabeculae cross 
their interior, giving them a spongy appearance, 
hence the name. Each sinus extends from the su¬ 
perior orbital fissure in front to the apex of the pe¬ 
trous part of the temporal bone behind. 

The internal carotid arteiy, surrounded by its 
sympathetic nerve plexus, runs forward through 
the sinus (Fig. 11-43). The abducent nerve also 
passes through the sinus. The internal carotid ar¬ 
tery and the nerves are separated from the blood 
by an endothelial covering. 

The third and fourth cranial nerves, and the 
ophthalmic and maxillary divisions of the trigem¬ 
inal nerve run forward in the lateral wall of the 
sinus (Fig. 11-43). They lie between the endothelial 
lining and the dura mater. The tributaries are the 
superior and inferior ophthalmic veins, the cere¬ 
bral veins, the sphenoparietal sinus, and the cen¬ 
tral vein of the retina. 

The sinus drains posteriorly into the superior 
and inferior petrosal sinuses, and inferiority into the 
pterygoid venous plexus. 

The two sinuses communicate with one another 
by means of the anterior and posterior intercaver¬ 
nous sinuses, which run in the diaphragma sellae 
in front and behind the stalk of the hypophysis ce¬ 
rebri (Fig. 11-42). Each sinus has an important 
communication with the facial vein through the 
superior ophthalmic vein. 

The superior and inferior petrosal sinuses are 
small sinuses situated on the superior and inferior 
borders of the petrous part of the temporal bone 
on each side (Fig. 11-41). Each superior sinus 
drains the cavernous sinus into the transverse 
sinus, and each inferior sinus drains the cavernous 
sinus into the internal jugular vein. 


HYPOPHYSIS CEREBRI 

The hypophysis cerebri, or pituitary gland, is a 
small oval structure attached to the undersurface 
of the brain by the infundibulum (Fig. 11-43). It is 
well protected by virtue of its location in the sella 
turcica of the sphenoid bone. Because the hor¬ 


mones produced by the gland influence the activi¬ 
ties of many other endocrine glands, the hypo¬ 
physis cerebri is often referred to as the master 
endocrine gland. For this reason, it is of very great 
importance and vital to life. 

The pituitary gland is divided into an anterior 
lobe, or adenohypophysis, and a posterior lobe, or 
neurohypophysis. The anterior lobe is subdivided 
into the pars anterior (sometimes called the pars 
distalis) and the pars intermedia, which may be 
separated by a cleft that is a remnant of an embry¬ 
onic pouch. A projection from the pars anterior, the 
pars tuberalis, extends up along the anterior and 
lateral surfaces of the pituitary stalk. 


Relations 

Superiorly 

The diaphragma sellae, which has a central aper¬ 
ture that allows the passage of the infundibulum. 
The diaphragma sellae separates the anterior lobe 
from the optic chiasma. 


Inferiorly 

The body of the sphenoid, with its sphenoid air si¬ 
nuses. 


Laterally 

The cavernous sinus and its contents. 


Posteriorly 

The dorsum sellae, the basilar artery, and the pons. 


Blood Supply 

The arteries are derived from the superior and in¬ 
ferior hypophyseal arteries, branches of the internal 
carotid artery. The veins drain into the intercaver¬ 
nous sinuses. 
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PARTS OF THE BRAIN 


For a detailed description of the gross structure of 
the brain, a textbook of neuroanatomy should be 
consulted. In the following account, only the main 
parts of the brain are described. 

Major Parts of the Brain Cavities o f the Brain 


Forebrain— 

Midbrain 

Hindbrain— 


Cerebrum 


Diencephalon 


Pons 
Medulla 
oblongata 
_ Cerebellum 


Right and left 

lateral 

ventricles 

Third ventricle 

Cerebral 

aqueduct 

Fourth 
ventricle and 
central canal 


The brain is that part of the central nervous sys¬ 
tem that lies inside the cranial cavity. It is contin¬ 
uous with the spinal cord through the foramen 
magnum. 


Cerebrum 

The cerebrum is the largest part of the brain and 
consists of two cerebral hemispheres, connected by 
a mass of white matter called the corpus callosum 
(Fig. 11-44). Each hemisphere extends from the 
frontal to the occipital bones, above the anterior 
and middle cranial fossae, and posteriorly, above 
the tentorium cerebelli. The hemispheres are sep¬ 
arated by a deep cleft, the longitudinal fissure, into 
which projects the falx cerebri (Fig. 11-44). 

The surface layer of each hemisphere is called 
the cortex and is composed of gray matter (Fig. 11- 
20). The cerebral cortex is thrown into folds, or 
gyri, separated by fissures, or sulci. By this means 
the surface area of the cortex is greatly increased. 
A number of the large sulci conveniently subdivide 
the surface of each hemisphere into lobes. The 
lobes are named for the bones of the cranium un¬ 
der which they lie (Fig. 11-45). 

The frontal lobe is situated in front of the central 
sulcus (Fig. 11-45) and above the lateral sulcus. The 


parietal lobe is situated behind the central sulcus 
and above the lateral sulcus. The occipital lobe lies 
below the parieto-occipital sulcus. Below the lateral 
sulcus is situated the temporal lobe. 

The precentral gyrus lies immediately anterior to 
the central sulcus and is known as the motor area 
(Fig. 11-45). The large motor nerve cells in this 
area control voluntary movements on the opposite 
side of the body. The majority of the nerve fibers 
cross over to the opposite side in the medulla ob¬ 
longata as they descend to the spinal cord. 

In the motor area the body is represented in an 
inverted position, with the nerve cells controlling 
the movements of the feet located in the upper 
part, and those controlling movements of the face 
and hands in the lower part (Fig. 11-45). 

The postcentral gyrus lies immediately posterior 
to the central sulcus and is known as the sei'isory 
area (Fig. 11-45). The small nerve cells in this area 
receive and interpret sensations of pain, tempera¬ 
ture, touch, and pressure from the opposite side of 
the body. 

The superior temporal gn us lies immediately be¬ 
low the lateral sulcus (Fig. 11-45). The middle of 
this gyrus is concerned with the reception and 
interpretation of sound and is known as the audi¬ 
tory area. 

Broca’s area, or the motor speech area, lies just 
above the lateral sulcus (Fig. 11-45). It controls the 
movements employed in speech. It is dominant in 
the left hemisphere in right-handed persons and 
dominant in the right hemisphere in left-handed 
persons. 

The visual area is situated on the posterior pole 
and medial aspect of the cerebral hemisphere in 
the region of the calcarine sulcus (Fig. 11-45). It is 
the receiving area for visual impressions. 

The cavity present within each cerebral hemi¬ 
sphere is called the lateral ventricle. The lateral 
ventricles communicate with the third ventricle 
through the interventricular foramina (Fig. 11-44). 


Diencephalon 

The diencephalon is almost completely hidden 
from the surface of the brain. It consists of a dorsal 
thalamus (Fig. 11-44) and a ventral hypothalamus. 
The thalamus is a large mass of gray matter that 
lies on either side of the third ventricle. It is the 
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great relay station on the afferent sensory pathway 
to the cerebral cortex. 

The hypothalamus forms the lower part of the 
lateral wall and floor of the third ventricle. The fol¬ 
lowing structures are found in the floor of the third 
ventricle from before backward: the optic chiasma 
(Fig. 11-46), the tuber cinereum and the infundib- 
ulum, the mammillary bodies, and the posterior 
perforated substance. 


Midbrain 

The midbrain is the narrow part of the brain that 
passes through the tentorial notch and connects the 
forebrain to the hindbrain (Fig. 11-44). 

The midbrain comprises two lateral halves, 
called the cerebral peduncles-, each of these is di¬ 
vided into an anterior part, the crus cerebri, and a 
posterior part, the tegmentum, by a pigmented 
band of grav matter, the substantia nigi'a (Fig. 11- 
43). The narrow cavity of the midbrain is the cere¬ 
bral aqueduct, which connects the third and fourth 
ventricles. The tectum is the part of the midbrain 
posterior to the cerebral aqueduct; it has four small 
surface swellings, namely, the two superior (Fig. 
11-43) and two inferior colliculi. The colliculi are 
deeply placed between the cerebellum and the cer¬ 
ebral hemispheres. 

The pineal body is a small glandular structure 
that lies between the superior colliculi (Fig. 11-44). 
It is attached by a stalk to the region of the poste¬ 
rior wall of the third ventricle. A small recess of the 
ventricles, called the pineal recess, extends into the 
base of the stalk. The pineal commonly calcifies in 
middle age, and thus it may be visualized in radio¬ 
graphs. 


Fig. 11-45. (A) Right side of brain, showing some 
important localized areas of cerebral function. 

Note that the motor speech area is most commonly 
located in the left rather than the right cerebral 
hemisphere. (B) Lateral surface of cerebral hemi¬ 
sphere, showing areas supplied bv cerebral arter¬ 
ies. In this and next diagram, areas colored blue 
are supplied by anterior cerebral artery'; those col¬ 
ored red, by middle cerebral artery; and those col¬ 
ored green, by posterior cerebral artery. (C) Medial 
surface of cerebral hemisphere, showing areas 
supplied by cerebral arteries. 


Hindbrain 

The pons is situated on the anterior surface of the 
cerebellum below the midbrain and above the 
medulla oblongata (Fig. 11-44). It is composed 
mainly of nerve fibers, which connect the two 
halves of the cerebellum. It also contains ascending 
and descending fibers connecting the forebrain, the 
midbrain, and the spinal cord. Some of the nerve 
cells within the pons serve as relay stations, while 
others form cranial nerve nuclei. 

The medulla oblongata is conical in shape and 
connects the pons above to the spinal cord below 
(Fig. 11-44). A median fissure is present on the an¬ 
terior surface of the medulla, and on each side of 
this is a swelling, called the pyramid (Fig. 11-46). 
The pyramids are composed of bundles of nerve 
fibers that originate in large nerve cells in the pre¬ 
central gyrus of the cerebral cortex. The pyramids 
taper below, and here the majority of the descend¬ 
ing fibers cross over to the opposite side, forming 
the decussa tion of the pyramids. 

Posterior to the pyramids are the olives, which 
are oval elevations produced by the underlying oli¬ 
vary nuclei (Fig. 11-46). Behind the olives are the 
inferior cerebellar penduncles, which connect the 
medulla to the cerebellum. 

On the posterior surface of the inferior part of 
the medulla oblongata are the gracile and cuneate 
tubercles, produced by the medially placed under- 
lvdng nucleus gracilis and the laterally placed un¬ 
derlying nucleus cuneatus. 

The cerebellum lies within the posterior cranial 
fossa beneath the tentorium cerebelli (Fig. 11-44). 
It is situated posterior to the pons and the medulla 
oblongata. It consists of two hemispheres con¬ 
nected by a median portion, the vermis. The cere¬ 
bellum is connected to the midbrain by the supe¬ 
rior cerebellar peduncles, to the pons by the middle 
cerebellar peduncles, and to the medulla by the in¬ 
ferior cerebellar peduncles. 

The surface layer of each cerebellar hemisphere, 
called the cortex, is composed of gray matter. The 
cerebellar cortex is thrown into folds, or folia, sep¬ 
arated by closely' set transverse fissures. Certain 
masses of gray matter are found in the interior of 
the cerebellum, embedded in the white matter; the 
largest of these is known as the dentate nucleus. 

The cerebellum play's an important role in the 
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anterior cerebral artery 



Fig. 11-46. Arteries and cranial nerves seen on infe¬ 
rior surface of brain. In order to show the course 
of the middle cerebral artery, the anterior pole of 
the left temporal lobe has been removed. 
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control of muscle tone and the coordination of 
muscle movement on the same side of the body. 

The cavity of the hind brain is the fourth ventri¬ 
cle (Fig. 11-44). This is bounded in front by the 
pons and the medulla oblongata, and behind by 
the superior and inferior medullary vela and 
the cerebellum. The fourth ventricle is connected 
above to the third ventricle by the cerebral aque¬ 
duct, and below it is continuous with the central 
canal of the spinal cord. It communicates with the 
subarachnoid space through three openings in the 
lower part of the roof, a median and two lateral 
openings. 


Ventricles of the Brain 

The ventricles of the brain consist of the two lateral 
ventricles, the third ventricle, and the fourth ven¬ 
tricle. The lateral ventricles are in communication 
with the third ventricle through the interventricular 
foramina (Fig. 11-44) - , the third ventricle commu¬ 
nicates with the fourth ventricle by the cerebral aq¬ 
ueduct. The ventricles are filled with cerebrospinal 
fluid, which is produced by the choroid plexuses of 
the two lateral ventricles, the third ventricle, and 
the fourth ventricle. The cerebrospinal fluid es¬ 
capes from the ventricular system through the 
three foramina in the roof of the fourth ventricle 
and enters the subarachnoid space. The circulation 
of the cerebrospinal fluid in the subarachnoid 
space and the fluid’s ultimate absorption into the 
bloodstream is described on page 800. 


Blood Supply of the Brain 

ARTERIES OF THE BRAIN __ 

The brain is supplied by the two internal carotid 
and the two vertebral arteries. The four arteries 
anastomose on the inferior surface of the brain and 
form the circulus arteriosus. 


INTERNAL CAROTID ARTERY _ 

The internal carotid artery emerges from the cav¬ 
ernous sinus on the medial side of the anterior cli- 
noid process by perforating the dura mater. (See p. 
794.) It then enters the subarachnoid space by 
piercing the arachnoid mater and turns backward 
to the region of the anterior perforated substance 


of the brain, at the medial end of the lateral cere¬ 
bral sulcus. Here, it divides into the anterior and 
middle cerebral arteries (Fig. 11-46). 


Branches of the Cerebral Portion of the 
Internal Carotid Arteiy 

1. The ophthalmic arteiy arises as the internal ca¬ 
rotid artery emerges from the cavernous sinus 
(Fig. 11-49). It enters the orbit through the optic 
canal, below and lateral to the optic nerve. 

2. The posterior communicating artery runs back¬ 
ward to join the posterior cerebral artery (Fig. 
11-46). 

3. The choroidal artery, a small branch, passes 
backward, enters the inferior horn of the lateral 
ventricle, and ends in the choroid plexus. 

4. The anterior cerebral artery runs forward and 
medially and enters the longitudinal fissure of 
the cerebrum (Fig. 11-46). It is joined to the fel¬ 
low of the opposite side by the anterior commu¬ 
nicating artery. It curves backward over the cor¬ 
pus callosum, and its cortical branches supply all 
the medial surface of the cerebral cortex as far 
back as the parieto-occipital sulcus (Fig. 11-45). 
They also supply a strip of cortex about 1 inch 
(2.5 cm) wide on the adjoining lateral surface. 
The anterior cerebral artery thus supplies the 
“leg area” of the precentral gyrus. A number of 
central branches pierce the brain substance and 
supply the deep masses of gray matter within 
the cerebral hemisphere. 

5. The middle cerebral artery, the largest branch of 
the internal carotid, runs laterally in the lateral 
cerebral sulcus (Fig. 11-46). Cortical branches 
supply the entire lateral surface of the hemi¬ 
sphere, except for the narrow strip supplied by 
the anterior cerebral artery, the occipital pole, 
and the inferolateral surface of the hemisphere, 
which are supplied by the posterior cerebral ar¬ 
tery. This artery thus supplies all the motor area 
except the “leg area.” Central branches enter the 
anterior perforated substance and supply the 
deep masses of gray matter within the cerebral 
hemisphere. 


Vertebral Artery 

The vertebral artery, a branch of the first part of 
the subclavian arteiy (Fig. 11-15), ascends through 
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the foramina in the transverse processes of the up¬ 
per six cervical vertebrae. (See p. 740.) It enters the 
skull through the foramen magnum and passes up¬ 
ward, forward, and medially on the medulla ob¬ 
longata (Fig. 11-46). At the lower border of the 
pons it joins the vessel of the opposite side to form 
the basilar artery. 


Cranial Branches of the Vertebral Artery 

1. Meningeal arteries. 

2. Anterior and posterior spinal arteries. 

3. Posterior inferior cerebellar artery. 

4. Medullary arteries. 


Basilar Artery 

The basilar artery, formed by the union of the two 
vertebral arteries, ascends in a groove on the ante¬ 
rior surface of the pons (Fig. 11-46). At the upper 
border of the pons it divides into the two posterior 
cerebral arteries. 


Branches 

1. It gives off branches to the pons, cerebellum, 

and internal ear. 

2. The posterior cerebral arteries. 

The posterior cerebral artery on each side curves 
laterally and backward around the midbrain (Fig. 
11-46). Cortical branches supply the inferolateral 
surface of the temporal lobe and the lateral and 
medial surfaces of the occipital lobe (Fig. 11-45). It 
thus supplies the visual cortex. Central branches 
pierce the brain substance and supply (1) the deep 
masses of gray matter within the cerebral hemi¬ 
sphere and (2) the midbrain. 

The circulus arteriosus lies in the interpendun- 
cular fossa at the base of the brain. It is formed by 
the anastomosis between the two internal carotid 
arteries and the two vertebral arteries (Fig. 11-46). 
The anterior communicating, the anterior cerebral, 
the internal carotid, the posterior communicating, 
the posterior cerebral, and the basilar arteries all 
contribute to the circle. The circulus arteriosus al¬ 
lows blood that enters by either internal carotid or 
vertebral arteries to be distributed to any part of 
both cerebral hemispheres. Cortical and central 


branches arise from the circle and supply the brain 
substance. i 


VEINS OF THE BRAIN 

The veins of the brain have no muscular tissue in 
their very thin walls and they possess no valves. 
They emerge from the brain and lie in the sub¬ 
arachnoid space. The veins pierce the arachnoid 
mater and the meningeal layer of the dura and 
drain into the cranial venous sinuses (Fig. 11-20). 
There are cerebral and cerebellar veins and veins of 
the brain stem. The great cerebral vein is formed 
by the union of the two internal cerebral veins and 
drains into the straight sinus (Fig. 11-41). 


Cranial Nerves 

There are twelve pairs of cranial nerves, which are 
numbered and named from before backward, as 
follows: 

1. Olfactory (sensory). 

2. Optic (sensory). 

3. Oculomotor (motor). 

4. Trochlear (motor). 

5. Trigeminal (mixed). 

6. Abducent (motor). 

7. Facial (mixed). 

8. Vestibulocochlear (sensorv). 

9. Glossopharyngeal (mixed). 

10. Vagus (mixed). 

11. Accessory (motor). 

12. Hypoglossal (motor). 

The nerves emerge from the brain and are trans¬ 
mitted through foramina in the base of the skull. 


OLFACTORY NERVE 

The nerve fibers of the olfactory nerve originate as 
the central processes of the olfactory receptor nerve 
cells in the mucous membrane of the upper part of 
the nose (above the superior concha). (See p. 855.) 
Bundles of the nerve fibers pierce the cribriform 
plate of the ethmoid bone and end in the olfactory 
bulb in the anterior cranial fossa (Fig. 11-41). 
Emerging from the posterior end of the olfactory 
bulb is a white band, the olfactory tract (Fig. 11- 
46), which passes backward and is attached to the 
cerebrum in the region of the anterior perforated 
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substance. It ends by dividing into medial and lat¬ 
eral olfactory striae. 


OPTIC NERVE 

The optic nerve is about 1.6 inches (4 cm) long. It 
leaves the orbital cavity bv passing through the op¬ 
tic canal in company with the ophthalmic arteiy 
and then enters the cranial cavity (Fig. 11-49). 
Within the orbit the nerve is surrounded by the 
three meninges, the dura, arachnoid, and pia ma¬ 
ter, which earn' with them an extension of the sub¬ 
arachnoid space (Fig. 11-52). The nerves on both 
sides now join one another to form the optic 
chicisma (Fig. 11-49). Here, the nerve fibers that 
arise from the nasal half of the retina cross over to 
the opposite side; the fibers from the temporal half 
of the retina remain on the same side. 

The upper surface of the optic chiasma is at¬ 
tached to the lamina terminalis of the brain, and 
its lower surface is separated from the hypophysis 
cerebri by the diaphragma sellae. 

The optic tract emerges from the posterolateral 
angle of the optic chiasma and passes backward 
around the lateral side of the midbrain to reach the 
lateral geniculate body. A small number of fibers, 
subserving pupillary and ocular reflexes, bypass the 
lateral geniculate body and go directly to the pre¬ 
tectal nucleus and the superior colliculus. From the 
lateral geniculate body the optic radiation curves 
backward to the occipital visual cortex. 


OCULOMOTOR NERVE__ 

The oculomotor nerve supplies all the muscles of 
the orbit except the superior oblique and the lateral 
rectus; it also supplies the sphincter pupillae and 
the ciliary muscle with parasympathetic fibers. 

The oculomotor nerve emerges from the anterior 
aspect of the midbrain medial to the cerebral pe¬ 
duncle (Fig. 11-43). It pierces the arachnoid and 
dura and runs forward in the lateral wall of the 
cavernous sinus. Here, it divides into a superior and 
an inferior ramus, which enter the orbit through 
the superior orbital fissure. (See p. 823.) 


TROCHLEAR NERVE_ 

The trochlear nerve, the most slender of the cranial 
nerves, supplies the superior oblique muscle in the 


orbit. The nerve emerges from the posterior surface 
of the midbrain (Fig. 11-43), just below the inferior 
colliculi. It then curves forward around the lateral 
side of the cerebral peduncle (Fig. 11-46). After 
piercing the arachnoid and dura mater, it runs for¬ 
ward in the lateral wall of the cavernous sinus, 
lying slightly below the oculomotor nerve. 

The trochlear nerve enters the orbit through the 
superior orbital fissure. (See p. 823.) 


TRIGEMINAL NERVE 

The trigeminal nerve is the largest cranial nerve. It 
supplies the sensory fibers to the skin of the scalp, 
the face, the mouth, the teeth, the nasal cavity, and 
the paranasal air sinuses and supplies motor fibers 
to the muscles of mastication (and the tensor veli 
palatini and tensor tympani muscles). 

The trigeminal nerve emerges from the anterior 
surface of the pons by a large sensory and a small 
motor root, the motor root lying medial to the sen¬ 
sor}' root (Fig. 11-46). The nerve passes forward 
out of the posterior cranial fossa, below the supe¬ 
rior petrosal sinus, and carries with it a pouch de¬ 
rived from the meningeal layer of dura mater. On 
reaching the depression on the apex of the petrous 
part of the temporal bone in the middle cranial 
fossa, the large sensory root expands to form the 
trigeminal ganglion (Fig. 11-49). The trigeminal 
ganglion is crescentic in shape and lies within the 
pouch of dura mater, called the trigeminal cave. 
The motor root of the trigeminal nerve is situated 
below the sensory ganglion and is completely sep¬ 
arate from it. The ophthalmic, maxillary, and 
mandibular nerves arise from the anterior border 
of the ganglion (Fig. 11-49). 

The ophthalmic nerve is purely sensory and is the 
smallest division of the trigeminal nerve. It pierces 
the dura mater and runs foward in the lateral wall 
of the cavernous sinus below the oculomotor and 
trochlear nerves (Figs. 11-43 and 11-49). It divides 
into three branches, the lacrimal, frontal, and na¬ 
sociliary nerves, which enter the orbital cavity 
through the superior orbital fissure. (See pp. 823 
and 825.) 

The maxillary nerve is purely sensory. It pierces 
the dura mater and runs forward along the lower 
part of the lateral wall of the cavernous sinus (Figs. 
11-43 and 11-49). It leaves the skull through the 
foramen rotundum, to enter the pterygopalatine 
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fossa. (See p. 838.) 

The mandibular nerve is motor and sensory and 
is the largest division of the trigeminal nerve. The 
large sensory root leaves the lateral part of the tri¬ 
geminal ganglion, pierces the dura mater, and 
passes almost at once through the foramen ovale 
(Fig. 11-49). The small motor root passes beneath 
the ganglion, then through the foramen ovale. Im¬ 
mediately after emerging from the foramen, the 
motor root joins the sensory root. The course and 
branches of the mandibular nerve in the infratem¬ 
poral fossa are described on page 764. 


ABDUCENT NERVE 

The abducent nerve is a motor nerve and supplies 
the lateral rectus muscle of the eyeball. It emerges 
from the anterior surface of the brain, in the groove 
between the lower border of the pons and the me¬ 
dulla oblongata (Fig. 11-46). It lies at first in the 
posterior cranial fossa (Fig. 11-42). It then pierces 
the dura mater lateral to the dorsum sellae and 
turns sharply forward, crossing the superior border 
of the petrous part of the temporal bone. Having 
entered the cavernous sinus, it runs forward below 
and lateral to the internal carotid artery (Fig. 11- 
43). It enters the orbital cavity through the superior 
orbital fissure. (See p. 825.) 


FACIAL NERVE 

The facial nerve has a medial motor root and a lat¬ 
eral sensory root, the newus intermedius. The mo¬ 
tor root supplies the muscles of the face, the scalp 
and auricle, the buccinator, the platysma, the sta¬ 
pedius, the stylohyoid, and the posterior belly of 
the digastric. The sensory root carries taste fibers 
from the anterior two-thirds of the tongue, the 
floor of the mouth, and the soft palate. It also con¬ 
veys parasympathetic secretomotor fibers to the 
submandibular and sublingual salivary glands, the 
lacrimal gland, and the glands of the nose and pal¬ 
ate. 

The two roots of the facial nerve emerge from 
the anterior surface of the brain in the groove be¬ 
tween the lower border of the pons and the me¬ 
dulla oblongata (Fig. 11-46). They pass laterally 
and forward in the posterior cranial fossa with the 
vestibulocochlear nerve to the opening of the inter¬ 
nal acoustic meatus (Fig. 11-54). At the bottom of 


the meatus, the nerve enters the facial canal and 
runs laterally above the vestibule of the labyrinth 
(Fig. 11-56) until it reaches the medial wall of the 
tympanic cavity. (See p. 836.) 


VESTIBULOCOCHLEAR NERVE 

The vestibulocochlear nerve consists of two sets of 
sensory fibers: vestibular and cochlear. The vesti¬ 
bular fibers, which are concerned with equilib¬ 
rium, represent the central processes of nerve cells 
of the vestibular ganglion. This is located in the 
outer part of the internal acoustic meatus. 

The cochlear fibers, which are concerned with 
hearing, represent the central processes of nerve 
cells of the spiral ganglion of the cochlea. 

The two parts of the nerve leave the anterior sur¬ 
face of the brain in the groove between the lower 
border of the pons and the medulla oblongata (Fig. 
11-46). They cross the posterior cranial fossa and 
enter the internal acoustic meatus lying inferior to 
the facial nerve (Fig. 11-54). 


GLOSSOPHARYNGEAL NERVE 

The glossopharyngeal nerve is a motor and sensory 
nerve. The motor fibers supply the stylopharyngeus 
muscle; parasympathetic secretomotor fibers sup¬ 
ply the parotid salivary gland. The sensory fibers 
(including the taste fibers) pass to the posterior 
third of the tongue and the pharynx. 

The glossopharyngeal nerve emerges from the 
anterior surface of the upper part of the medulla 
oblongata by three or four rootlets along the groove 
between the olive and the inferior cerebellar pe¬ 
duncle (Fig. 11-46). It passes forward and laterally 
beneath the cerebellum in the posterior cranial 
fossa and leaves the skull by passing downward 
through the central part of the jugular foramen. Its 
further course in the neck is described on page 781. 

The superior and inferior sensory glossopharyn¬ 
geal ganglia are situated on the nerve as it passes 
through the jugular foramen. 


VAGUS NERVE 

The vagus nerve is composed of motor and sensory 
fibers. It supplies the heart and the major part of 
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the respiratory and intestinal tracts. 

The vagus nerve emerges from the anterior sur¬ 
face of the upper part of the medulla oblongata by 
eight or ten rootlets along the groove between the 
olive and the inferior cerebellar peduncle (Fig. 11- 
46). It lies below the glossopharyngeal nerve. The 
nerve passes laterally beneath the cerebellum in the 
posterior cranial fossa and leaves the skull through 
the central part of the jugular foramen. Its further 
course in the neck is described on page 729. 

The superior vagal sensory ganglion is situated 
on the nerve as it passes through the jugular fora¬ 
men. The inferior vagal sensoty ganglion lies on the 
nerve a short distance below the foramen. 


ACCESSORY NERVE 

The accessory nerve is a motor nerve. It consists of 
a small cranial root, which is distributed through 
the branches of the vagus nerve to the muscles of 
the soft palate, pharynx, and larynx, and a large 
spinal root, which innervates the sternocleidomas¬ 
toid and trapezius muscles. 

The cranial root emerges from the anterior sur¬ 
face of the upper part of the medulla oblongata bv 
four or five rootlets along the groove between the 
olive and the inferior cerebellar peduncle (Fig. 11- 
46). It lies below the vagus nerve. The nerve runs 
laterally beneath the cerebellum in the posterior 
cranial fossa and joins the spinal root. 

The spinal root arises from nerve cells in the an¬ 
terior gray column of the upper five segments of 
the cervical part of the spinal cord. The nerve fibers 
emerge on the lateral surface of the spinal cord and 
form a nerve trunk. The nerve ascends alongside 
the spinal cord and enters the skull through the fo¬ 
ramen magnum; it then turns laterally to join the 
cranial root. 

The two roots are united for a short distance. 
They pass through the jugular foramen, and then 
the cranial portion separates from the spinal root 
and becomes adherent to the inferior ganglion of 
the vagus (Fig. 11-14). The fibers of the cranial root 
are distributed chiefly in the pharyngeal and recur¬ 
rent laryngeal branches of the vagus. 

The spinal root runs backward and laterally, 
crossing the internal jugular vein to reach the up¬ 
per part of the sternocleidomastoid muscle. Its fur¬ 
ther course in the neck is described on page 781. 


HYPOGLOSSAL NERVE 

The hypoglossal nerve is the motor nerve supply to 
the muscles of the tongue. The nerve emerges as a 
number of rootlets on the anterior surface of the 
medulla oblongata, in the groove between the pyr¬ 
amid and the olive (Fig. 11-46). The rootlets run 
laterally in the posterior cranial fossa and leave the 
skull through the hypoglossal canal. On emerging 
from the canal, the rootlets unite to form the nerve 
trunk. Its further course in the neck is described on 
page 719. 

The cranial nerves, their component parts, their 
function, and the openings through which they exit 
from the skull are summarized in Table 11-3. 


THE ORBITAL REGION 

The orbits are a pair of bony cavities that contain 
the eyeballs, their associated muscles, nerves, ves¬ 
sels, and fat, and most of the lacrimal apparatus. 
The orbital opening is guarded by two thin, mov¬ 
able folds, the eyelids, which are situated in front 
of the eye. 


EYELIDS 

The eyelids are placed in front of the eye, which is 
protected from injury and excessive light by their 
closure (Fig. 11-47). The upper eyelid is larger and 
more mobile than the lower, and they meet each 
other at the medial and lateral angles. The palpe¬ 
bral fissure is the elliptical opening between the 
eyelids and is the entrance into the conjunctival 
sac. When the eye is closed, the upper eyelid com¬ 
pletely covers the cornea of the eye. When the eye 
is open and looking straight ahead, the upper lid 
just covers the upper margin of the cornea. The 
lower lid lies just below the cornea when the eye is 
open and rises only slightly when the eve is closed. 

The superficial surface of the eyelids is covered 
by skin, and the deep surface is covered by a mu¬ 
cous membrane, called the conjunctiva. The eye¬ 
lashes, which are short, curved hairs, are present 
on the free edges of the eyelids (Fig. 11-47). They 
are arranged in double or triple rows at the 
mucocutaneous junction. The sebaceous glands 
(glands of Zeis) open directly into the eyelash fol¬ 
licles. The ciliaty glands (glands of Moll) are mod- 
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Table 11-3. Cranial Nerves 


Name 


Components Function 


Opening in skull 


I. Olfactory Sensory 

II. Optic Sensory 

III. Oculomotor Motor 


IV. Trochlear Motor 

V. Trigeminal 

Ophthalmic Sensory 

division 


Maxillary division Sensory 


Mandibular Motor 

division 


Sensory 


VI. Abducent Motor 

VII. Facial Motor 


Sensory 


Secretomotor 
para sympa t he t ic 


VIII. Vestibulocochlear 

Vestibular Sensory 

Sensory 


Smell 

Vision 

Lifts upper eyelid, turns 
eyeball upward, 
downward, and medially; 
constricts pupil; 
accommodates eyes 
Assists in turning eyeball 
downward and laterally 

Cornea, skin of forehead, 
scalp, eyelids; also mucous 
membrane of paranasal 
sinuses and nasal cavity 
Skin of face over maxilla; 
teeth of upper jaw; 
mucous membrane of 
nose, the maxillary air 
sinus, and palate 
Muscles of mastication, 
mylohyoid, anterior belly 
of digastric, tensor veli 
palatini, and tensor 
tympani 

Skin of cheek, skin over 
mandible and side of' 
head, teeth of lower jaw 
and temporomandibular 
joint; mucous membrane 
of mouth and anterior 
two-thirds of tongue 
Lateral rectus muscle: turns 
eyeball laterally 
Muscles of face, the cheek 
and scalp, stapedius 
muscle of middle ear, 
stylohyoid, and posterior 
belly of digastric 
Taste from anterior two- 
thirds of tongue, floor of 
mouth and soft palate 
Submandibular and 

sublingual salivary glands, 
the lacrimal gland, and 
glands of nose and palate 

Position and movement of 
head 
Hearing 


Openings in cribriform 
plate of ethmoid 
Optic canal 

Superior orbital fissure 


Superior orbital fissure 
Superior orbital fissure 


Foramen rotundum 


Foramen ovale 


Superior orbital fissure 

Internal acoustic meatus, 
facial canal, 
stylomastoid foramen 


Internal acoustic meatus 


Cochlear 
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Table 11-3 (continued) 




Name 

Components 

Function 

Opening in skull 

IX. Glossopharyngeal 

Motor 

Stylopharyngeus muscle: 
assists swallowing 



Secretomotor 

parasympathetic 

Sensory 

Parotid salivary gland 

General sensation and taste 
from posterior third of 
tongue and pharynx; 
carotid sinus and carotid 
body 

Jugular foramen 

X. Vagus 

Motor 

Sensory 

Constrictor muscles of 
pharynx and intrinsic 
muscles of larynx; 
involuntary muscle of 
bronchi, heart, alimentary 
tract from pharynx to 
distal one-third of 
transverse colon; liver and 
pancreas 

Taste from epiglottis and 
vallecula and afferent 
fibers from structures 
named above 

Jugular foramen 

XI. Accessory 

Cranial root 

Motor 

Muscles of soft palate, 
pharynx, and larynx 

Jugular foramen 

Spinal root 

Motor 

Sternocleidomastoid and 
trapezius muscles 


XII. Hypoglossal 

Motor 

Muscles of tongue controlling 
its shape and movement 
(except palatoglossus) 

Hypoglossal canal 


ified sweat glands that open separately between 
adjacent lashes. The tarsal glands are long modi¬ 
fied sebaceous glands, which pour their oily secre¬ 
tion onto the margin of the lid; their openings lie 
behind the eyelashes (Fig. 11-47). This oily mate¬ 
rial prevents the overflow of tears and helps to 
make the closed eyelids airtight. 

The lateral angle of the palpebral fissure is more 
acute than the medial and lies directly in contact 
with the eyeball. The more rounded medial angle 
is separated from the eyeball by a small space, the 
locus lacrimalis, in the center of which is a small, 
reddish-yellow elevation, the caruncula lacrimalis 
(Fig. 11-47). A reddish semilunar fold, called the 
plica semilunaris, lies on the lateral side of the car¬ 
uncle. 


Near the medial angle of the eye, the eyelashes 
and the tarsal glands stop abruptly, and there is a 
small elevation, the papilla lacrimalis. On the sum¬ 
mit of the papilla is a small hole, the punctum lac- 
rimale which leads into the canaliculus lacrimalis 
(Fig. 11-47). The papilla lacrimalis projects into the 
lacus, and the punctum and canaliculus serve to 
carry tears down into the nose. (See p. 815.) 

The conjunctiva is a thin mucous membrane that 
lines the eyelids and is reflected at the superior and 
inferior fornices onto the anterior surface of the eye¬ 
ball (Fig. 11-47). Its epithelium is continuous with 
that of the cornea. The upper lateral part of the 
superior fornix is pierced by the ducts of the lacri¬ 
mal gland. (See below.) The conjunctiva thus forms 
a potential space, the conjunctival sac, which is 
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open at the palpebral fissure. 

Beneath the eyelid is a groove, the subtarsal sul¬ 
cus, which runs close to and parallel with the mar¬ 
gin of the lid (Fig. 11-47). The sulcus tends to trap 
small foreign particles introduced into the conjunc¬ 
tival sac and is thus clinically important. 

The fibrous framework of the eyelids is formed 
by a membranous sheet, the orbital septum (Fig. 
11-47). This is attached to the orbital margin, 
where it is continuous with the periosteum. The 
orbital septum is thickened at the margins of the 
lids to form the tarsal plates. These are crescent¬ 
shaped laminae of dense fibrous tissue, and the su¬ 
perior tarsal plate is the larger. The lateral ends of 
the plates are attached by a band, the lateral pal¬ 
pebral ligament, to a bony tubercle just within the 
orbital margin. The medial ends of the plates are 
attached by a band, the medial palpebral ligament, 
to the crest of the lacrimal bone (Fig. 11-47). The 
tarsal glands are embedded in the posterior surface 
of the tarsal plates. 

The superficial surface of the tarsal plates and 
the orbital septum are covered by the palpebral fi¬ 
bers of the orbicularis oculi muscle. (See p. 754.) 
The aponeurosis of insertion of the levator palpe- 
brae superioris muscle pierces the orbital septum, 
to reach the anterior surface of the superior tarsal 
plate and the skin (Fig. 11-47). 


Movements of the Eyelids 

The position of the eyelids at rest depends on the 
tone of the orbicularis oculi and the levator palpe- 
brae superioris muscles and the position of the eye¬ 
ball. The eyelids are closed by the contraction of 
the orbicularis oculi and the relaxation of the lev¬ 
ator palpebrae superioris muscles. The eye is 
opened by the levator palpebrae superioris raising 
the upper lid. On looking upward, the levator pal- 


Fig. 11-47. (A) Right eye, with eyelids separated to 
show openings of tarsal glands, plica semilunaris, 
caruncula lacrimalis, and puncta lacrimalia. (B) 
Left eye, showing superior and inferior tarsal 
plates and lacrimal gland, sac, and duct. Note that 
a small window has been cut in the orbital septum 
to show underlying lacrimal gland and fat (yellow). 
(C) Sagittal section through upper eyelid, and supe¬ 
rior fornix of conjunctiva. Note presence of smooth 
muscle in levator palpebrae superioris. 


pebrae superioris contracts, and the upper lid 
moves with the eyeball. On looking downward, 
both lids move, the upper lid continues to cover the 
upper part of the cornea, and the lower lid is pulled 
downward slightly by the conjunctiva, which is at¬ 
tached to the sclera and the lower lid. 


LACRIMAL APPARATUS 

The lacrimal gland consists of a large orbital part 
and a small palpebral part, which are continuous 
with each other around the lateral edge of the apo¬ 
neurosis of the levator palpebrae superioris. It is 
situated above the eyeball in the anterior and upper 
part of the orbit posterior to the orbital septum 
(Fig. 11-47). About twelve ducts open from the 
lower surface of the gland into the lateral part of 
the superior fornix of the conjunctiva. 


Nerve Supply of Lacrimal Gland 

The parasympathetic secretomotor nerve supply is 
derived from the lacrimal nucleus of the facial 
nerve. The preganglionic fibers reach the pterygo¬ 
palatine ganglion (sphenopalatine ganglion) via 
the nervus intermedius and its great petrosal 
branch and via the nerve of the pterygoid canal. 
The postganglionic fibers leave the ganglion and 
join the maxillary nerve. They then pass into its 
zygomatic branch and the zygomaticotemporal 
nerve. They reach the lacrimal gland within the 
lacrimal nerve. 

The sympathetic postganglionic fibers travel in 
the internal carotid plexus, the deep petrosal nerve, 
the nerve of the pterygoid canal, the maxillary 
nerve, the zygomatic nerve, the zygomaticotem¬ 
poral nerve, and finally the lacrimal nerve. 

The tears circulate across the cornea and accu¬ 
mulate in the locus lacrimalis. From here, the tears 
enter the canaliculi lacrimales through the puncta 
lacrimalia. The canaliculi lacrimales pass medially 
and open into the lacrimal sac (Fig. 11-47). This 
lies in the lacrimal groove behind the medial pal¬ 
pebral ligament and is the upper blind end of the 
nasolacrimal duct. 

The nasolacrimal duct is about Vz inch (1.3 cm) 
long and emerges from the lower end of the lacri¬ 
mal sac (Fig. 11-47). The duct descends down¬ 
ward, backward, and laterally in an osseous canal 
and opens into the inferior meatus of the nose. The 
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opening is guarded by a fold of mucous membrane 
known as the lacrimal fold. This prevents air from 
being forced up the duct into the lacrimal sac on 
blowing the nose. 


THE ORBIT 

The orbit is a pyramid-shaped cavity with its base 
in front and its apex behind (Fig. 11-48). The or¬ 
bital margin is formed above by the frontal bone, 
which is notched or canalized for the passage of 
the supraorbital nerve and vessels. The lateral mar¬ 
gin is formed by the processes of the frontal and 
zygomatic bones. The inferior margin is formed by 
the zygomatic bone and the maxilla. The medial 
margin is formed by the processes of the maxilla 
and the frontal bone. 

The roof of the orbit is formed by the orbital 
plate of the frontal bone, which separates the or¬ 
bital cavity from the anterior cranial fossa. The lat¬ 
eral wall is composed of the zygomatic bone and 
the greater wing of the sphenoid (Fig. 11-48). The 
floor is formed by the orbital plate of the maxilla, 
which separates the orbital cavity from the maxil¬ 
lary sinus. The medial wall consists, from before 
backward, of the frontal process of the maxilla, the 
lacrimal bone, the orbital plate of the ethmoid 
(which separates the orbital cavity from the eth¬ 
moid sinuses), and the body of the sphenoid. 


OPENINGS INTO THE ORBITAL CAVITY 

The main orbital opening lies anteriorly and is 
bounded by the orbital margin (Fig. 11-48). The 
supraorbital notch, or canal, is situated on the su¬ 
perior orbital margin. The infraorbital groove and 
canal lie on the floor of the orbit. Anteriorly on the 
medial part of the floor lies the nasolacrimal canal 

Posteriorly is the inferior orbital fissure, which 
leads from the pterygopalatine fossa and the infra¬ 
temporal fossa into the orbital cavity. The superior 
orbital fissure leads from the middle cranial fossa 
into the orbit (Fig. 11-48). The optic canal also 
leads forward from the middle fossa into the orbit. 

On the lateral wall are two small openings for 
the zygomaticotemporal and zygomaticofacial 
nerves. 

On the medial wall along the upper margin of 
the ethmoid bone are the anterior and posterior 
ethmoidal foramina. 


ORBITAL FASCIA 

The orbital fascia is the periosteum of the bones 
that form the walls of the orbit. It is loosely at¬ 
tached to the bones and is continuous through the 
foramina and fissures with the periosteum cover¬ 
ing the outer surfaces of the bones. In the case of 
the superior orbital fissure, the optic canal, and the 
anterior ethmoidal canal, it becomes continuous 
with the endosteal layer of the dura mater. The 
muscle of Muller, or orbitalis muscle, is a thin layer 
of smooth muscle that bridges the inferior orbital 
fissure. It is supplied by sympathetic nerves, and 
its function is unknown. 


Muscles of the Orbit 

The muscles of the orbit are the levator palpebrae 
superioris, the four recti, and the two oblique mus¬ 
cles. 


LEVATOR PALPEBRAE SUPERIORIS 
(FIGS. 11-47 to 11-49) 

Origin 

From the undersurface of the lesser wing of the 
sphenoid bone, above and in front of the optic 
canal. 


Insertion 

It is a flat muscle, which widens as it passes for¬ 
ward. It ends anteriorly in a wide aponeurosis, 
which splits into two lamellae. The superior la¬ 
mella is inserted into the anterior surface of the 
superior tarsal plate and into the skin of the upper 
lid. The inferior lamella contains smooth muscle fi¬ 
bers, which are attached to the upper margin of the 
superior tarsal plate. 


Fig. 11-48. (A) Right eyeball exposed from front. (B) 
Muscles and nerves of left orbit seen from in front. 
(C) Bones forming walls of right orbit. (D) Optic 
canal and superior and inferior orbital fissures on 
left side. 
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Fig. 11-49. Right and left orbital cavities viewed 
from above. Roof of orbit, formed by the orbital 
plate of the frontal bone, has been removed from 
both sides. On left side, levator palpebrae supe¬ 
rioris and superior rectus muscles have also been 
removed to expose underlying structures. 
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Fig. 11-50. Muscles and nerves of right orbit 
viewed from lateral side. Maxillary nerve and pter¬ 
ygopalatine ganglion are also shown. 


Nerve Supply 

The superior ramus of the oculomotor nerve. The 
smooth muscle fibers are innervated by sympa¬ 
thetic nerves from the superior cervical sympa¬ 
thetic ganglion. 


Action 

The levator palpebrae superioris raises the upper 
lid. Stimulation of the sympathetic innervation re¬ 


sults in further elevation of the lid. Division of the 
cervical sympathetic paralyzes the smooth muscle 
and causes drooping of the upper lid (ptosis). 


THE RECTI (FIGS. 11-48 to 11-50) 

Origin 

The four recti arise from a fibrous ring, called the 
common tendinous ring (Fig. 11-48). It is a thick¬ 
ening of the periosteum. The ring surrounds the 
optic canal and bridges the superior orbital fissure. 
The superior rectus arises from the upper part of 
the ring, the inferior rectus from the lower part of 
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the ring, and the medial rectus from the medial 
part. The lateral rectus arises by two heads from 
the lateral part of the ring. 


Insertion 

As each rectus muscle passes forward, it becomes 
wider and diverges from its neighbor. Together, 
they form a muscular cone that encloses the optic 
nerve and the posterior part of the eyeball. The ten¬ 
don of each muscle pierces the fascial sheath of the 
eyeball (see below) and is inserted into the sclera 
about 6 mm behind the margin of the cornea. 


Nerve Supply 

The superior, inferior, and medial recti are sup¬ 
plied by the oculomotor nerve; the lateral rectus is 
supplied by the abducent nerve. 


Actions 

The lateral rectus rotates the eyeball so that the 
cornea looks laterally (Fig. 11-51). The medial rec¬ 
tus rotates the eyeball so that the cornea looks me¬ 
dially. 

Because the superior and inferior recti are in¬ 
serted on the medial side of the vertical axis of the 
eyeball, they not only raise and depress the cornea, 
respectively, but rotate it medially (Fig. 11-51). For 
the superior rectus muscle to raise the cornea di¬ 
rectly upward, the inferior oblique must assist; and 
for the inferior rectus to depress the cornea directly 
downward, the superior oblique must assist. (See 
action of oblique muscles.) 


SUPERIOR OBLIQUE (FIGS. 11-48 
to 11-50) 

Origin 

From the body of the sphenoid bone, above and 
medial to the optic canal. 


Insertion 

Its rounded belly passes forward and gives way to 
a slender tendon, which passes through a fibrocar¬ 
tilaginous pulley attached to the frontal bone. The 


tendon now turns backward and laterally, pierces 
the fascial sheath of the eyeball, and is inserted into 
the sclera beneath the superior rectus. It is at¬ 
tached to the sclera behind the coronal equator of 
the eyeball, and the line of pull of the tendon passes 
medial to the vertical axis. 


Nerve Supply 
Trochlear nerve. 


Action 

The superior oblique rotates the eyeball (Fig. 11- 
51) so that the cornea looks (1) downward and (2) 
laterally. (See action with inferior rectus muscle.) 


INFERIOR OBLIQUE (FIGS. 11-48 
and 11-50) 

Origin 

From the anterior part of the floor of the orbit. 


Insertion 

The narrow muscle passes backward and laterally 
below the inferior rectus. It is inserted into the 
sclera behind the coronal equator, and the line of 
pull of the tendon passes medial to the vertical axis. 


Nerve Supply 

Inferior ramus of the oculomotor nerve. 


Action 

The inferior oblique (Fig. 11-51) rotates the eyeball 
so that the cornea looks (1) upward and (2) lat¬ 
erally. (See action with superior rectus muscle.) 

The extraocular muscles, their nerve supply, and 
their actions are summarized in Table 11-4. 


Fig* 11-51. Actions of four recti and two oblique 
muscles of right orbit, assuming that each muscle 
is acting alone. Position of pupil in relation to ver¬ 
tical and horizontal planes should be noted in each 
case. The actions of the superior and inferior recti 
and the oblique muscles in the living intact eye are 
tested clinically as described on page 822. 
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Tabic 11-4. Extraocular Muscles 

Name of muscle 

Origin 

Insertion 

Nerve supply 

Action 

Levator palpcbrae 

Lesser wing of 

Anterior surface 



superioris 

sphenoid 

and upper border 
of superior tarsal 
plate 



Voluntary portion 
Involuntary 



Oculomotor nerve 
Sympathetic nerves 

Raises upper eyelid 

portion 





Superior rectus 

Common tendinous 

Sclera 6 mm behind 

Oculomotor nerve 

Raises and medially 

ring 

corneal margin 


rotates cornea 

Inferior rectus 

Common tendinous 

Sclera 6 mm behind 

Oculomotor nerve 

Depresses cornea 


ring 

corneal margin 


and medially 





rotates cornea 

Lateral rectus 

Common tendinous 

Sclera 6 mm behind 

Abducent nerve 

Moves cornea 


ring 

corneal margin 


laterally 

Medial rectus 

Common tendinous 

Sclera 6 mm behind 

Oculomotor nerve 

Moves cornea 


ring 

corneal margin 


medially 

Superior oblique 

Body of sphenoid 

By way of pulley 

Trochlear nerve 

Moves cornea 



and attached to 


downward and 



sclera behind 


laterally 



coronal equator 
of eyeball; line of 
pull of tendon 
passes medial to 
vertical axis 



Inferior oblique 

Anterior part of 

Attached to sclera 

Oculomotor nerve 

Moves cornea 


floor of orbit 

behind coronal 


upward and 



equator; line of 
pull of tendon 
passes medial to 
vertical axis 


laterally 


The actions of the superior and inferior recti and the oblique muscles in the living intact eye are tested clinically as described 
in text below. 


Clinical Testing for the Actions of the 
Superior and Inferior Recti and the 
Superior and Inferior Oblique Muscles 

Since the actions of the superior and inferior recti 
and the superior and inferior oblique muscles are 
complicated when a patient is asked to look verti¬ 
cally upward or vertically downward, the physician 
tests the eye movements where the single action of 
each muscle predominates. 

The origins of the superior and inferior recti are 
situated about 25 degrees medial to their insertions 
and, therefore, when the patient is asked to turn 
the cornea laterally, these muscles are placed in the 


optimum position to raise the cornea (superior rec¬ 
tus) or lower it (inferior rectus). 

Using the same rationale, the superior and the 
inferior oblique muscles may be tested. The pulley 
of the superior oblique and the origin of the infe¬ 
rior oblique muscles lie medial and anterior to 
their insertions. The physician tests the action of 
these muscles by asking the patient first to look 
medially, thus placing these muscles in the op¬ 
timum position to lower the cornea (superior 
oblique), or to raise it (inferior oblique). In other 
words, when you ask a patient to look medially and 
downward at the tip of his or her nose, you are 
testing the superior oblique at its best position. 
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Conversely, by asking the patient to look medially 
and upward, you are testing the inferior oblique at 
its best position. 

Since the lateral and medial recti are simply 
placed relative to the eyeball, by asking the patient 
to turn his or her cornea directly laterally tests the 
lateral rectus and bv turning the cornea directly 
medially tests the medial rectus. 


FASCIAL SHEATH OF THE EYEBALL 

The fascial sheath is a thin membrane, which sur¬ 
rounds the eyeball from the optic nerve to the cor¬ 
neoscleral junction (Fig. 11-52). It separates the 
eyeball from the orbital fat and provides it with a 
socket for free movement. It is perforated by the 
tendons of the orbital muscles and is reflected onto 
each of them as a tubular sheath. The sheaths for 
the tendons of the medial and lateral recti are at¬ 
tached to the medial and lateral walls of the orbit 
by triangular ligaments called the medial and lat¬ 
eral check ligaments. The lower part of the fascial 
sheath, which passes beneath the eyeball and con¬ 
nects the check ligaments, is thickened and serves 
to suspend the eyeball; it is called the suspensory 
ligament of the eye (Fig. 11-52). By this means the 
eye is suspended from the medial and lateral walls 
of the orbit, as if in a hammock. 


Nerves of the Orbit 

OPTIC NERVE __ 

The optic nerve enters the orbit from the middle 
cranial fossa by passing through the optic canal 
(Fig. 11-49). It is accompanied by the ophthalmic 
artery, which lies on its lower lateral side. The 
nerve is surrounded by sheaths of pia mater, arach¬ 
noid mater, and dura mater (Fig. 11-52). It runs 
forward and laterally within the cone of the recti 
muscles and pierces the sclera at a point medial to 
the posterior pole of the eyeball. Here, the men¬ 
inges fuse with the sclera, so that the subarachnoid 
space with its contained cerebrospinal fluid ex¬ 
tends forward from the middle cranial fossa, 
around the optic nerve, and through the optic 
canal, as far as the eyeball. A rise in pressure of the 
cerebrospinal fluid within the cranial cavity will 
therefore be transmitted to the back of the eyeball. 


LACRIMAL NERVE 

The lacrimal nerve arises from the ophthalmic di¬ 
vision of the trigeminal nerve in the lateral wall of 
the cavernous sinus. (See p. 809.) It is a slender 
nerve and enters the orbit through the upper part 
of the superior orbital fissure (Fig. 11-48). It passes 
forward along the upper border of the lateral rec¬ 
tus muscle (Fig. 11-49). It is joined by a branch of 
the zygomaticotemporal nerve, which later leaves 
it to enter the lacrimal gland (parasympathetic se- 
cretomotor fibers). The lacrimal nerve ends by sup¬ 
plying the skin of the lateral part of the upper lid. 


FRONTAL NERVE 

The frontal nerve arises from the ophthalmic divi¬ 
sion of the trigeminal nerve in the lateral wall of 
the cavernous sinus. (See p. 809.) It enters the orbit 
through the upper part of the superior orbital fis¬ 
sure (Fig. 11-48) and passes forward on the supe¬ 
rior surface of the levator palpebrae superioris, be¬ 
tween that muscle and the roof of the orbit (Fig. 
11-49). Just before it reaches the orbital margin, it 
divides into the supratrochlear and supraorbital 
nerves. The small supratrochlear nerve passes 
above the pulley for the superior oblique muscle 
and winds around the upper margin of the orbital 
cavity, to supply the skin of the forehead. The 
larger supraorbital nerve passes through the su¬ 
praorbital notch, or foramen, and supplies the skin 
of the forehead lateral to the area supplied by the 
supratrochlear nerve. (See p. 751.) The frontal 
nerve also supplies the mucous membrane of the 
frontal air sinus. 


TROCHLEAR NERVE 

The trochlear nerve leaves the lateral wall of the 
cavernous sinus (see p. 809) and enters the orbit 
through the upper part of the superior orbital fis¬ 
sure (Fig. 11-48). It runs forward and medially 
across the origin of the levator palpebrae superior¬ 
is and enters the superior oblique muscle (Fig. 11- 
49). 


OCULOMOTOR NERVE 

The superior ramus of the oculomotor nerve leaves 
the lateral wall of the cavernous sinus (see p. 809) 
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Fig. 11-52. (A) Horizontal section through eyeball 
and optic nerve. Note that central artery and vein 
of retina cross subarachnoid space to reach optic 
nerve. (B) Check ligaments and suspensory liga¬ 
ment of the eyeball. 
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and enters the orbit through the lower part of the 
superior orbital fissure, within the tendinous ring 
(Fig. 11-48). It supplies the superior rectus muscle, 
then pierces it, and supplies the overlying levator 
palpebrae superioris muscle (Fig. 11-50). 

The inferior ramus of the oculomotor nerve en¬ 
ters the orbit in a similar manner and gives off 
branches to the inferior rectus, the medial rectus, 
and the inferior oblique muscles. The nerve to the 
inferior oblique gives off a branch (Fig. 11-50) that 
passes to the ciliary ganglion and carries parasym¬ 
pathetic fibers. (See below.) 


NASOCILIARY NERVE 

The nasociliary nerve arises from the ophthalmic 
division of the trigeminal nerve in the lateral wall 
of the cavernous sinus. (See p. 809.) It enters the 
orbit through the lower part of the superior orbital 
fissure, within the tendinous ring (Fig. 11-48). It 
crosses above the optic nerve with the ophthalmic 
arteiy, to reach the medial wall of the orbital cav¬ 
ity. It then runs forward along the upper margin of 
the medial rectus muscle and ends by dividing into 
the anterior ethmoidal and infratrochlear nerves 
(Fig. 11-49). 


Branches 

1. The communicating branch to the ciliary gan¬ 
glion. This is a sensory nerve. The sensory fibers 
from the eyeball pass to the ciliary ganglion via 
the short ciliary nerves, pass through the gan¬ 
glion without interruption, and then join the na¬ 
sociliary nerve by means of the communicating 
branch. 

2. The long ciliary nerves, two or three in number, 
arise from the nasociliary nerve as it crosses the 
optic nerve (Fig. 11-49). They contain sympa¬ 
thetic fibers for the dilator pupillae muscle. The 
nerves pass forward with the short ciliary nerves 
and pierce the sclera of the eyeball close to the 
optic nerve. They continue forward between the 
sclera and the choroid, to reach the iris. 

3. The posterior ethmoidal nerve passes through the 
posterior ethmoidal foramen, to supply the eth¬ 
moidal and sphenoidal air sinuses (Fig. 11-49). 

4. The infratrochlear nerve passes forward below 
the pulley of the superior oblique muscle and 


supplies the skin of the medial part of the upper 
evelid and the adjacent part of the nose (Fig. 11- 
47). 

5. The anterior ethmoidal nerve passes through the 
anterior ethmoidal foramen and enters the an¬ 
terior cranial fossa on the upper surface of the 
cribriform plate of the ethmoid (Fig. 11-49). It 
crosses the cribriform plate and enters the nasal 
cavity through a slitlike opening alongside the 
crista galli. After supplying an area of mucous 
membrane, it appears on the face as the external 
nasal branch at the lower border of the nasal 
bone (Fig. 11-23). It supplies the skin of the nose 
down as far as the tip. (See p. 751.) 


ABDUCENT NERVE 

The abducent nerve leaves the cavernous sinus (see 
p. 810) and enters the orbit through the lower part 
of the superior orbital fissure, within the tendinous 
ring (Fig. 11-48). It runs forward and supplies the 
lateral rectus muscle. 


CILIARY GANGLION 

The ciliary ganglion is about the size of a pinhead 
(Fig. 11-50). It is a parasympathetic ganglion and 
is situated in the posterior part of the orbit on the 
lateral side of the optic nerve. It receives its pregan¬ 
glionic parasympathetic fibers from the oculomo¬ 
tor nerve via the nerve to the inferior oblique. The 
postganglionic fibers leave the ganglion in the short 
ciliary nerves, which pass forward to the back of 
the eyeball. 

A number of sympathetic fibers pass from the 
internal carotid plexus into the orbit and run 
through the ganglion without interruption. 


Blood Vessels of the Orbit 

OPHTHALMIC ARTERY 

The ophthalmic artery is a branch of the internal 
carotid artery after that vessel emerges from the 
cavernous sinus. (See p. 807.) It passes forward 
through the optic canal below and lateral to the 
optic nerve (Fig. 11-49). It runs forward, at first 
lateral to the optic nerve, then crosses above it 
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obliquely to reach the medial wall of the orbit. It 
crosses the optic nerve with the nasociliary nerve. 
It now £ives off numerous branches, some of which 
accompany the nerves in the orbital cavity. 


Branches 

1. The central arter}> of the retina is a small branch 
that pierces the meningeal sheaths of the optic 
nerve to gain entrance to the nerve (Fig. 11-52). 
It runs in the substance of the optic nerve and 
enters the eyeball at the center of the optic disc. 
Here, it divides into branches, which may be 
studied in a patient through an ophthalmoscope. 
The branches are end arteries. 

2. The muscular branches. 

3. The ciliary) arteries. These may be divided into 
anterior and posterior groups. The former group 
enters the eyeball near the corneoscleral junc¬ 
tion; the latter group enters near the optic nerve. 

4. The lacrimal artery to the lacrimal gland. 

5. The supratrochlear and supraorbital arteries are 
distributed to the skin of the forehead. (See p. 
752.) 


OPHTHALMIC VEINS 

The superior ophthalmic vein communicates in 
front with the facial vein (Fig. 11-41). The inferior 
ophthalmic vein communicates through the infe¬ 
rior orbital fissure with the pterygoid venous 
plexus. Both veins pass backward through the su¬ 
perior orbital fissure and drain into the cavernous 
sinus. 


LYMPHATIC VESSELS 

There are no lymphatic vessels or nodes in the or¬ 
bital cavity. 


THE EYE 

The eyeball (Fig. 11-52) is embedded in orbital fat, 
but is separated from it by the fascial sheath of the 
eyeball. (See p. 823.) The eyeball consists of three 
coats, which, from without inward, are: (1) the fi¬ 
brous coat, (2) the vascular pigmented coat, and 
(3) the nervous coat. 


COATS OF THE EYEBALL 
Fibrous Coat 

The fibrous coat is made up of a posterior opaque 
part, the sclera, and an anterior transparent part, 
the cornea (Fig. 11-52). The sclera is composed of 
dense fibrous tissue and is white in color. Poste¬ 
riorly, it is pierced bv the optic nerve and is fused 
with the dural sheath of that nerve. The lamina 
cribrosa is the area of the sclera that is pierced by 
the nerve fibers of the optic nerve. It is a relatively 
weak, area and can be made to bulge into the eye¬ 
ball by a rise of cerebrospinal fluid pressure in 
the tubular extension of the subarachnoid space, 
which surrounds the optic nerve. If the intraocular 
pressure should rise, the lamina cribrosa will bulge 
outward, producing a cupped disc, as seen through 
the ophthalmoscope. 

The sclera is also pierced by the ciliary arteries 
and nerves and their associated veins, the venae 
vorticosae. The sclera is directly continuous in front 
with the cornea at the corneoscleral junction, or 
limbus. 

The transparent cornea is largely responsible for 
the refraction of the light entering the eye (Fig. 11- 
52). It consists of the following layers, from before 
backward: (1) the corneal epithelium, which is 
continuous with that of the conjunctiva; (2) the 
substantia propria, composed of transparent con¬ 
nective tissue; (3) the posterior elastic lamina; and 
(4) the endothelium, which is in contact with the 
aqueous humor. 


Vascular Pigmented Coat 

The vascular pigmented coat consists, from behind 
forward, of the choroid, the ciliary body, and the 
iris. 

The choroid is composed of an outer pigmented 
layer and an inner, highly vascular layer. 

The ciliary body is continuous posteriorly with 
the choroid, and anteriorly it lies behind the pe¬ 
ripheral margin of the iris (Fig. 11-52). It is com¬ 
posed of (1) the ciliary ring, (2) the ciliary pro¬ 
cesses, and (3) the ciliary muscle. 

The ciliary ring is the posterior part of the body, 
and its surface has shallow grooves, the ciliar}> 
striae. 

The ciliary) processes are radially arranged folds, 
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or ridges, to the posterior surfaces of which are 
connected the suspensory ligaments of the lens. 

The ciliary muscle (Fig. 11-52) is composed of 
meridianal and circular fibers of smooth muscle. 
The meridianal fibers run backward from the re¬ 
gion of the corneoscleral junction to the ciliary pro¬ 
cesses. The circular fibers are fewer in number and 
lie internal to the meridianal fibers. 


Nerve Supply of Ciliary Muscle 

The parasympathetic fibers from the oculomotor 
nerve. After synapsing in the ciliary ganglion, the 
postganglionic fibers pass forward to the eyeball in 
the short ciliary nerves. 


Action 

Contraction of the ciliary muscle, especially the 
meridianal fibers, pulls the ciliary body forward. 
This relieves the tension in the suspensory liga¬ 
ment, and the elastic lens becomes more convex. 
This increases the refractive power of the lens. 

The iris is a thin, contractile, pigmented dia¬ 
phragm with a central aperture, the pupil (Fig. 11- 
52). It is suspended in the aqueous humor between 
the cornea and the lens. The periphery of the iris is 
attached to the anterior surface of the ciliary body. 
It divides the space between the lens and the cor¬ 
nea into an anterior and a posterior chamber. 

The muscle fibers of the iris are involuntary and 
consist of circular and radiating fibers. The circu¬ 
lar fibers form the sphincter pupillae and are ar¬ 
ranged around the margin of the pupil. The radial 
fibers form the dilator pupillae and consist of a 
thin sheet of radial fibers that lie close to the pos¬ 
terior surface. 


Nerve Supply 

The sphincter pupillae is supplied by parasympa¬ 
thetic fibers from the oculomotor nerve. After syn¬ 
apsing in the ciliary ganglion, the postganglionic 
fibers pass forward to the eyeball in the short cili¬ 
ary nerves. 

The dilator pupillae is supplied by sympathetic 
fibers, which pass forward to the eyeball in the 
long ciliary nerves. 


Action 

The sphincter pupillae constricts the pupil in the 
presence of bright light and during accommoda¬ 
tion. The dilator pupillae dilates the pupil in the 
presence of light of low intensity or in the presence 
of excessive sympathetic activity such as occurs in 
fright. 


Nervous Coat: The Retina 

The retina consists of an outer pigmented layer and 
an inner nervous layer. Its outer surface is in con¬ 
tact with the choroid, and its inner surface is in 
contact with the vitreous body (Fig. 11-52). The 
posterior three-quarters of the retina is the receptor 
organ. Its anterior edge forms a wavy ring, the ora 
serrata, and it is here that the nervous tissues end. 
The anterior part of the retina is nonreceptive and 
consists merely of pigment cells, with a deeper 
layer of columnar epithelium. This anterior part of 
the retina covers the ciliary processes and the back 
of the iris. 

At the center of the posterior part of the retina 
is an oval yellowish area, the macula lutea, which 
is the area of the retina for the most distinct vision. 
It has a central depression, the fovea centralis (Fig. 
11-52). 

The optic nerve leaves the retina about 3 mm to 
the medial side of the macula lutea by the optic 
disc. The optic disc is slightly depressed at its cen¬ 
ter, where it is pierced by the central artery of the 
retina. At the optic disc there is a complete absence 
of rods and cones, so that it is insensitive to light 
and is referred to as the “blind spot.” On ophthal¬ 
moscopic examination, the optic disc is seen to be 
pale pink in color, much paler than the surround¬ 
ing retina. 


CONTENTS OF THE EYEBALL 

The contents of the eyeball consist of the refractive 
media, the aqueous humor, the vitreous body, and 
the lens. 


Aqueous Humor 

The aqueous humor is a clear fluid that fills the 
anterior and posterior chambers of the eyeball (Fig. 
11-52). It is believed to be a secretion or transudate 
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from the ciliarv processes, from which it enters the 
posterior chamber. It then flows into the anterior 
chamber through the pupil and is drained away 
through the spaces at the iridocorneal angle into 
the canal of Schlemm. Obstruction to the draining 
of the aqueous humor results in a rise in intraocu¬ 
lar pressure, called glaucoma. This may produce 
degenerative changes in the retina, with conse¬ 
quent blindness. 

The function of the aqueous humor is to support 
the wall of the eyeball by exerting internal pres¬ 
sure. It also nourishes the lens and removes the 
products of metabolism; these functions are im¬ 
portant because the lens does not possess a blood 
supply. 


Vitreous Body 

The vitreous body fills the eyeball behind the lens 
(Fig. 11-52). It is a transparent gel enclosed by the 
vitreous membrane. The hyaloid canal is a narrow 
channel that runs through the vitreous body from 
the optic disc to the posterior surface of the lens; 
in the fetus, it is filled by the hyaloid artery, which 
disappears before birth. 

In front, in the region of the margin of the lens, 
the vitreous membrane is thickened and consists of 
two layers. The posterior layer covers the vitreous 
body; the anterior layer consists of a series of deli¬ 
cate, radially arranged fibers. Collectively, the fi¬ 
bers form the suspensory ligament of the lens; they 
are attached laterally to the ciliary processes and 
centrally to the capsule of the lens in the region of 
the equator (Fig. 11-52). 

No blood vessels are found in the vitreous body. 
The function of the vitreous body is to contribute 
slightly to the magnifying power of the eye. It sup¬ 
ports the posterior surface of the lens and assists in 
holding the neural part of the retina against the 
pigmented part of the retina. 


Lens 

The lens (Fig. 11-52) is a transparent, biconvex 
body enclosed in a transparent capsule. It is situ¬ 
ated behind the iris and in front of the vitreous 
body and is encircled by the ciliary processes. 

The lens consists of (1) an elastic capsule, which 
envelops the structure; (2) a cuboidal epithelium, 
which is confined to the anterior surface of the 


lens; and (3) lens fibers, which are formed from the 
cuboidal epithelium at the equator of the lens. The 
lens fibers make up the bulk of the lens. 

The elastic lens capsule is under tension, causing 
the lens constantly to endeavor to assume a globu¬ 
lar rather than a disc shape. The equatorial region, 
or circumference, of the lens is attached to the cil¬ 
iary processes of the ciliary body by the suspensoiy 
ligament. The pull of the radiating fibers of the 
suspensory ligament tends to keep the elastic lens 
flattened, so that the eye may be focused on distant 
objects. 

To accommodate the eye for close objects, the 
ciliary muscle contracts and pulls the ciliary body 
forward and inward, so that the radiating fibers of 
the suspensory ligament are relaxed. This allows 
the elastic lens to assume a more globular shape. 

With advancing age the lens becomes denser and 
less elastic, and, as a result, the ability to accom¬ 
modate is lessened (presbyopia). This disability 
may be overcome by the use of an additional lens 
in the form of glasses to assist the eye in focusing 
on nearby objects. 


THE EAR 

The ear may be divided into the external ear, the 
middle ear, or tympanic cavity, and the internal 
ear, or labyrinth, the last containing the organs of 
hearing and of balance. 


External Ear 

The external ear consists of the auricle and the ex¬ 
ternal auditory meatus. 

The auricle has a characteristic shape (Fig. 11- 
53A) and serves to collect air vibrations. It consists 
of a thin plate of elastic cartilage covered by skin. 
It possesses both extrinsic and intrinsic muscles, 
which are supplied by the facial nerve. 

The external auditory meatus is a sinuous tube 


Fig. 11-53. (A) Different parts of auricle of external 
ear. Arrow indicates direction that auricle should 
be pulled to straighten external auditory meatus 
prior to insertion of otoscope in the adult. (B) Ex¬ 
ternal and middle portions of right ear, viewed 
from in front. (C) Right tympanic membrane as 
seen through otoscope. 
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that leads from the auricle to the tympanic mem¬ 
brane (Figs. 11-53 and 11-54). It serves to conduct 
sound waves from the auricle to the tympanic 
membrane. In the adult it measures about 1 inch 
(2.5 cm) long and may be straightened for the in¬ 
sertion of an otoscope by pulling the auricle up¬ 
ward and backward. In the young child the auricle 
is pulled straight backward, or downward and 
backward. The meatus is narrowest about 5 mm 
from the tympanic membrane, and this narrow 
area is called the isthmus. Because of the obliquity 
of the tympanic membrane, the anteroinferior wall 
of the meatus is the longest. 

The framework of the outer third of the meatus 
is elastic cartilage, and the inner two-thirds is 
bone, formed by the tympanic plate. The meatus is 
lined by skin, and its outer third is provided with 
hairs and sebaceous and ceruminous glands. The 
latter are modified sweat glands, which secrete a 
yellowish-brown wax. The hairs and the wax pro¬ 
vide a sticky barrier that prevents the entrance of 
foreign bodies. 

The sensory nerve supply of the lining skin is de¬ 
rived from the auriculotemporal nerve and the au¬ 
ricular branch of the vagus nerve. 

The lymph drainage is to the superficial parotid, 
mastoid, and superficial cervical lymph nodes. 


Tympanic Cavity (Middle Ear) 

The tympanic cavity is an air-containing cavity in 
the petrous part of the temporal bone (Fig. 11-54) 
and is lined with mucous membrane. It contains 
the auditory ossicles, whose function is to transmit 
the vibrations of the tympanic membrane (ear¬ 
drum) to the perilymph of the internal ear. It is a 
narrow, oblique, slitlike cavity, whose long axis lies 
approximately parallel to the plane of the tympanic 
membrane. It communicates in front through the 
auditory tube with the nasopharynx and behind 
with the mastoid antrum. 

For purposes of description, the tympanic cavity 
is said to have a roof, floor, anterior wall, posterior 
wall, lateral wall, and medial wall. 

The roof is formed by a thin plate of bone, the 
tegmen tympani , which is part of the petrous tem¬ 
poral bone (Figs. 11-55 and 11-56). It separates the 
tympanic cavity from the meninges and the tem¬ 
poral lobe of the brain in the middle cranial fossa. 

The floor is formed by a thin plate of bone, 


which may be deficient and may be partly replaced 
by fibrous tissue. It separates the tympanic cavity 
from the superior bulb of the internal jugular vein 
(Fig. 11-56). 

The anterior wall is formed below by a thin plate 
of bone that separates the tympanic cavity from the 
internal carotid artery and its surrounding sym¬ 
pathetic plexus (Fig. 11-56). At the upper part of 
the anterior wall there are the openings into two 
canals. The lower and larger of these leads into the 
auditory tube, and the upper and smaller is the en¬ 
trance into the canal for the tensor tympani muscle 
(Fig. 11-55). The thin, bony septum, which sepa¬ 
rates the canals, is prolonged backward on the me¬ 
dial wall, where it forms a shelflike projection. 

The posterior wall has in its upper part a large, 
irregular opening, the aditus to the mastoid an¬ 
trum (Figs. 11-55 and 11-56). Below this is a small, 
hollow, conical projection, the pyramid, from 
whose apex emerges the tendon of the stapedius 
muscle. 

The lateral wall is largelv formed by the tym¬ 
panic membrane (Figs. 11-53 and 11-55). Above 
the tympanic membrane the lateral wall is formed 
by the squamous part of the temporal bone. The 
presence of the tympanic membrane serves to di¬ 
vide the tympanic cavity artificially into two re¬ 
gions. The region opposite the tympanic mem¬ 
brane is the tympanic cavity proper, and the region 
above the level of the tympanic membrane is the 
epitympanic recess. 

The tympanic membrane (Fig. 11-53) is a thin, 
fibrous membrane that is pearly gray in color. It is 
covered on the outer surface with stratified squa¬ 
mous epithelium and on the inner surface with low 
columnar epithelium. The membrane is obliquely 
placed, facing downward, forward, and laterally. 
It is concave laterally, and at the depth of the con¬ 
cavity is a small depression, the umbo, produced 
by the tip of the handle of the malleus. When the 
membrane is illuminated through an otoscope, the 
concavity produces a “cone of light,” which ra¬ 
diates anteriorly and inferiorly from the umbo. 

The tympanic membrane is circular and mea¬ 
sures about 1 cm in diameter. The greater part of 
its circumference is thickened, and it is slotted into 
a groove in the bone. The groove, or tympanic sul¬ 
cus, is deficient superiorly, which forms a notch. 
From the sides of the notch, two bands, termed the 
anterior and posterior malleolar folds, pass to the 
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lateral process of the malleus. The small triangular 
area on the tympanic membrane that is bounded 
by the folds is slack and is called the pars flaccida 
(Fig. 11-53). The remainder of the membrane is 
tense and is called the pars tensa. The handle of 
the malleus is bound down to the inner surface of 
the tympanic membrane by the mucous mem¬ 
brane. 

The tympanic membrane is extremely sensitive 
to pain and is innervated on its outer surface by the 
auriculotemporal nerve and the auricular branch 
of the vagus. 

The medial wall is formed by the lateral wall of 
the inner ear. The greater part of the wall shows a 
rounded projection, called the promontory, which 
results from the underlying first turn of the cochlea 
(Figs. 11-53 and 11-55). Above and behind the 
promontory lies the fenestra vestibuli, which is oval 
in shape and closed by the footpiece, or base, of the 
stapes. On the medial side of the window is the 
perilymph of the scala vestibuli of the internal ear. 
Below the posterior end of the promontory lies the 
fenestra cochleae, which is round in shape and 
closed by the secondary tympanic membrane. On 
the medial side of this window is the perilymph of 
the blind end of the scala tympani. (See p. 837.) 

The bony shelf derived from the anterior wall 
first separates the canal for the tensor tympani 
from the auditory tube, and then extends back¬ 
ward on the medial wall above the promontory 
and above the fenestra vestibuli. It supports the 
tensor tympani muscle. Its posterior end is curved 
upward and forms a pulley, the processus cochlear- 
iformis, around which the tendon of the tensor 
tympani bends laterally to reach its insertion on the 
handle of the malleus (Fig. 11-56). 

A rounded ridge runs horizontally backward 
above the promontory and the fenestra vestibuli 
and is known as the prominence of the facial nerve 
canal. On reaching the posterior wall, it curves 
downward behind the pyramid; it forms a ridge on 
the medial wall of the aditus of the mastoid an¬ 
trum. 


Fig. 11-55. (A) Lateral wall of right middle ear 
viewed from medial side. Note position of ossicles 
and mastoid antrum. (B) Medial wall of right mid 
die ear viewed from lateral side. Note position of 
facial nerve in its bony canal. 


Auditory Ossicles 

The auditory ossicles are the malleus, incus, and 
stapes (Figs. 11-54 and 11-55). 

The malleus is the largest ossicle and possesses a 
head, a neck, a long process or handle, an anterior 
process, and a lateral process. 

The head is rounded in shape and lies within the 
epitympanic recess. It articulates posteriorly with 
the incus. The neck is the constricted part below 
the head. The handle passes downward and back¬ 
ward and is firmly attached to the medial surface 
of the tympanic membrane. It can be seen through 
the tympanic membrane on otoscopic examina¬ 
tion. The anterior process is a spicule of bone that 
is connected to the anterior wall of the tympanic 
cavity by a ligament. The lateral process projects 
laterally and is attached to the anterior and poste¬ 
rior malleolar folds of the tympanic membrane. 

The incus possesses a large body and two pro¬ 
cesses (Fig. 11-54). 

The body is rounded and compressed laterally. It 
lies within the epitympanic recess and articulates 
anteriorly with the head of the malleus. 

The long process descends behind and parallel to 
the handle of the malleus. Its lower end bends me¬ 
dially and articulates with the head of the stapes. 
Its shadow on the tympanic membrane can some¬ 
times be recognized on otoscopic examination. 

The short process projects backward and is at¬ 
tached to the posterior wall of the tympanic cavity 
by a ligament. 

The stapes has a head, a neck, two limbs, and a 
base (Fig. 11-54). 

The head is small and articulates with the long 
process of the incus. The neck is narrow and re¬ 
ceives the insertion of the stapedius muscle. The 
two limbs diverge from the neck and are attached 
to the oval base. The edge of the base is attached 
to the margin of the fenestra vestibuli by a ring of 
fibrous tissue, the anular ligament. 


MUSCLES OF THE OSSICLES_ 

Tensor Tympani (Figs. 11-53 and 11-56) 

Origin 

Cr _ 

From the cartilage of the auditory tube and the 
bony walls of its own canal. 











greater petrosal nerve 


geni cul ate ganglion 
late ral 

semicircular canal 


sigmoid sinus 



temporal lobe of cerebrum 


pi a mater 
arachnoid mater 

meningeal layer of 
dura 

s- periosteal layer of dura 
tegmen tympani 

tensor tympani 

Anterior 

processus cochleariformis 
auditory tube 


mastoid antrum 


mastoid air cel Is 


chorda tympani 


internal carotid 
artery 


chorda tympani 

stapedius 


supen c 


sympathetic plexus 
nferior petrosal sinus 

ic branch of 
ossopharyngeal nerve 

of internal jugular vein 


superior semicircular canal 



Fig. 11-56. (A) Diagrammatic representation of 
middle ear and its relations. (B) Bony and mem¬ 
branous labyrinths. 
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Insertion 

The slender muscle passes backward and ends in a 
rounded tendon, which turns laterally around the 
processus cochleariformis and is inserted into the 
root of the handle of the malleus. 


Nerve Supply 

A branch from the nerve to the medial pterygoid 
muscle, which is a branch of the mandibular divi¬ 
sion of the trigeminal nerve. 


Action 

Reflexlv damps down the vibrations of the malleus 
by making the tympanic membrane more tense. 


Stapedius (Fig. 11-56) 

Origin 

From the internal walls of the hollow pyramid. 


Insertion 

The tendon emerges from the apex of the pyramid 
and is inserted into the back of the neck of the 
stapes. 


Nerve Supply 

From the facial nerve, which lies behind the pyra¬ 
mid. 


Action 

Reflexly damps down the vibrations of the stapes 
by pulling on the neck of that bone. 


MOVEMENTS OF THE 

AUDITORY OSSICLES _ 

The malleus and incus rotate on an anteroposterior 
axis that runs through (1) the ligament connecting 
the anterior process of the malleus to the anterior 
wall of the tympanic cavity; (2) the anterior pro¬ 
cess of the malleus and the short process of the in¬ 
cus; and (3) the ligament connecting the short pro¬ 


cess of the incus to the posterior wall of the 
tympanic cavity. 

When the tympanic membrane moves medially, 
the handle of the malleus also moves medially. The 
head of the malleus and the head of the incus move 
laterally. The long process of the incus moves me¬ 
dially with the stapes. The base of the stapes is 
pushed medially in the fenestra vestibuli, and the 
motion is communicated to the perilymph in the 
scala vestibuli. Liquid being incompressible, the 
perilymph causes an outward bulging of the sec¬ 
ondary tympanic membrane in the fenestra coch¬ 
leae at the lower end of the scala tympani. The 
above movements are reversed if the tympanic 
membrane moves laterally. Excessive lateral move¬ 
ments of the head of the malleus cause a tempo¬ 
rary separation of the articular surfaces between 
the malleus and incus, so that the base of the 
stapes is not pulled laterally out of the fenestra ves¬ 
tibuli. 

It is interesting to note that during the passage 
of the vibrations from the tympanic membrane to 
the perilymph and via the small ossicles, the lever¬ 
age increases at a rate of 1.3 to 1. Moreover, the 
area of the tympanic membrane is about 17 times 
greater than that of the base of the stapes, causing 
the effective pressure on the perilymph to increase 
by a total of 22 to 1. 


AUDITORY TUBE 

The auditory tube extends from the anterior wall 
of the tympanic cavity downward, forward, and 
medially to the nasal pharynx (Fig. 11-53). Its pos¬ 
terior third is bony, and its anterior two-thirds is 
cartilaginous. It joins the nasal pharynx by passing 
over the upper border of the superior constrictor 
muscle (Fig. 11-58). It serves to equalize air pres¬ 
sures in the tympanic cavity and the nasal pharynx. 


MASTOID ANTRUM 

The mastoid antrum lies behind the tympanic cav¬ 
ity in the petrous part of the temporal bone (Fig. 
11-54). It communicates with the epitympanic re¬ 
cess by the aditus (Fig. 11-55). It is rounded in 
shape and may be as large as 1 cm in diameter. 

The anterior wall is related to the tympanic cav¬ 
ity and contains the aditus to the mastoid antrum 
(Fig. 11-56). 
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The posterior wall separates the antrum from 
the sigmoid venous sinus and the cerebellum (Fig. 
11-56). 

The lateral wall is 1.5 cm thick and forms the 
floor of the suprameatal triangle. (See p. 701.) 

The medial wall is related to the posterior semi¬ 
circular canal (Fig. 11-56). 

The superior wall is the thin plate of bone, the 
tegmen tympani, which is related to the meninges 
of the middle cranial fossa and the temporal lobe 
of the brain (Fig. 11-56). 

The inferior wall is perforated with holes, 
through which the antrum communicates with the 
mastoid air cells (Fig. 11-56). 


MASTOID AIR CELLS 

The mastoid process begins to develop during the 
second year of life. The mastoid air cells are a series 
of communicating cavities within the process, 
which are continuous above with the antrum and 
the tympanic cavity (Fig. 11-56). They are lined 
with mucous membrane. Their degree of develop¬ 
ment shows considerable individual variation, and 
the greatest growth occurs at puberty. 


FACIAL NERVE 

On reaching the bottom of the internal acoustic 
meatus (see p. 810), the facial nerve enters the fa¬ 
cial canal (Fig. 11-54). The nerve runs laterally 
above the vestibule of the internal ear, until it 
reaches the medial wall of the tympanic cavity. 
Here, the nerve expands to form the sensory genic¬ 
ulate ganglion (Figs. 11-55 and 11-56). The nerve 
then bends sharply backward above the promon¬ 
tory. 

On arriving at the posterior wall of the tympanic 
cavity, it curves downward on the medial side of 
the aditus of the mastoid antrum (Fig. 11-56). It 
descends in the posterior wall of the tympanic cav¬ 
ity, behind the pyramid, and finally emerges 
through the stylomastoid foramen. Its further 
course in the neck is described on page 757. 


Important Branches of the Intrapetrous 
Part of the Facial Nerve 

1. The greater petrosal nerve arises from the facial 
nerve at the geniculate ganglion (Fig. 11-56). It 


contains preganglionic parasympathetic fibers, 
which pass to the pterygopalatine ganglion and 
are there relayed through the zygomatic and lac¬ 
rimal nerves to the lacrimal gland; other post¬ 
ganglionic fibers pass through the nasal and 
palatine nerves to the glands of the mucous 
membrane of the nose and palate. It also con¬ 
tains many taste fibers from the mucous mem¬ 
brane of the palate. 

The nerve emerges on the superior surface of 
the petrous part of the temporal bone and runs 
forward in a groove. It runs below the trigeminal 
ganglion and enters the foramen lacerum. (See 
p. 794.) It is here joined by the deep petrosal 
nerve from the sympathetic plexus on the inter¬ 
nal carotid artery and forms the nerve of the 
pterygoid canal. This passes forward and enters 
the pterygopalatine fossa, where it ends in the 
pterygopalatine ganglion. 

2. The nerve to the stapedius arises from the facial 
nerve as it descends in the facial canal behind 
the pyramid (Fig. 11-56). It supplies the muscle 
within the pyramid. 

3. The chorda tympani arises from the facial nerve 
just above the stylomastoid foramen (Fig. 11- 
55). It enters the tympanic cavity close to the 
posterior border of the tympanic membrane. It 
then runs forward over the tympanic membrane 
and crosses the root of the handle of the malleus 
(Fig. 11-55). It lies in the interval between the 
mucous membrane and the fibrous layers of the 
tympanic membrane. The nerve leaves the tym¬ 
panic cavity through the petrotympanic fissure 
and enters the infratemporal fossa, where it 
joins the lingual nerve. (See p. 768.) 

The chorda tympani contains many taste fibers 
from the mucous membrane covering the anterior 
two-thirds of the tongue (not the vallate papillae) 
and the floor of the mouth. The taste fibers are the 
peripheral processes of the cells in the geniculate 
ganglion. 

The nerve also contains preganglionic parasym¬ 
pathetic secretomotor fibers, which reach the sub¬ 
mandibular ganglion and are there relayed to the 
submandibular and sublingual salivary glands. 

TYMPANIC NERVE 

The tympanic nerve arises from the glossopharyn¬ 
geal nerve, just below the jugular foramen. (See p. 
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781.) It passes through the floor of the tympanic 
cavity and grooves the surface of the promontory 
(Fig. 11-56). Here it splits up into branches, which 
form the tympanic plexus. The tympanic plexus 
supplies the lining of the tympanic cavity and gives 
off the lesser petrosal nerve. 

The lesser petrosal nerve contains secretomotor 
fibers for the parotid gland. (See p. 760.) It passes 
through a small opening on the anterior surface of 
the petrous part of the temporal bone and leaves 
the skull through the foramen ovale. The nerve 
then joins the otic ganglion. 


The Internal Ear, or Labyrinth 

The labyrinth is situated in the petrous part of the 
temporal bone, medial to the middle ear (Fig. 11- 
54). It consists of (1) the bonv labyrinth, compris¬ 
ing a series of cavities within the bone, and (2) the 
membranous labyrinth, comprising a series of 
membranous sacs and ducts contained within the 
bony labyrinth. For a detailed description of the 
microscopic structure of the labyrinth, a textbook 
of histology should be consulted. 

The bony labyrinth consists of three parts: the 
vestibule, the semicircular canals, and the cochlea 
(Fig. 11-56). These are cavities situated in the sub¬ 
stance of dense bone. They are lined by endosteum 
and contain a clear fluid, the perilymph, in which 
is suspended the merpbranous labyrinth. 

The vestibule, the central part of the bony laby¬ 
rinth, lies posterior to the cochlea and anterior to 
the semicircular canals. In its lateral wall are the 
fenestra vestibuli, which is closed by the base of the 
stapes and its anular ligament, and the fenestra 
cochleae, which is closed by the secondary tympanic 
membrane. Lodged within the vestibule are the sac¬ 
cule and utricle of the membranous labyrinth (Fig. 
11-56). 

The semicircular canals open into the posterior 
part of the vestibule; there are three: superior, pos¬ 
terior, and lateral. Each canal has a swelling at one 
end called the ampulla. The canals open into the 
vestibule by five orifices, one of which is common 
to two of the canals. Lodged within the canals are 
the semicircular ducts (Fig. 11-56). 

The superior semicircular canal is vertical and 
placed at right angles to the long axis of the petrous 
bone. The posterior canal is also vertical, but it is 
placed parallel with the long axis of the petrous 


bone. The lateral canal is set in a horizontal posi¬ 
tion, and it lies in the medial wall of the aditus to 
the mastoid antrum, above the facial nerve canal. 

The cochlea opens into the anterior part of the 
vestibule (Fig. 11-56). Basically, it consists of a cen¬ 
tral pillar, the modiolus, around which a hollow 
bony tube makes two and one-half spiral turns. 
Each successive turn is of decreasing radius, so that 
the whole structure is cone-shaped. The apex faces 
anterolaterally and the base posteromedially. The 
first basal turn of the cochlea is responsible for the 
promontory seen on the medial wall of the tym¬ 
panic cavity. 

The modiolus has a broad base, which is situ¬ 
ated at the bottom of the internal acoustic meatus. 
It is perforated by branches of the cochlear nerve. 
A spiral ledge, the spiral lamina, winds around the 
modiolus and projects into the interior of the canal 
and partially divides it. The basilar membrane 
stretches from the free edge of the spiral lamina to 
the outer bony wall, thus dividing the cochlear 
canal into the scala vestibuli above and the scala 
tympani below. The perilymph within the scala 
vestibuli is separated from the tympanic cavity by 
the base of the stapes and the anular ligament, at 
the fenestra vestibuli. The perilymph in the scala 
tympani is separated from the tympanic cavity by 
the secondary tympanic membrane at the fenestra 
cochleae. 

The membranous labyrinth is lodged within the 
bony labyrinth (Fig. 11-56). It is filled with endo- 
lymph and surrounded by perilymph. It consists of 
the utricle and saccule, which are lodged in the 
bony vestibule; the three semicircular ducts, which 
lie within the bony semicircular canals; and the 
duct of the cochlea, which lies within the bony 
cochlea. All these structures freely communicate 
with one another. 

The utricle is the larger of the two vestibular 
sacs. It is indirectly connected to the saccule and 
the ductus endolymphaticus by the ductus utricu- 
losaccularis. 

The saccule is globular in shape and connected 
to the utricle, as described previously. The ductus 
endolymphaticus, after being joined by the ductus 
utriculosaccularis, passes on to end in a small blind 
pouch, the saccus endolymphaticus (Fig. 11-56). 
This lies beneath the dura on the posterior surface 
of the petrous part of the temporal bone. 

Located on the walls of the utricle and saccule 
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are specialized sensory receptors, which are sensi¬ 
tive to the orientation of the head to gravity or 
other acceleration forces. 

The semicircular ducts, although much smaller 
in diameter than the semicircular canals, have the 
same configuration. They are arranged at right an¬ 
gles to each other, so that all three planes are rep¬ 
resented. Whenever the head begins or ceases to 
move, or whenever a movement of the head accel¬ 
erates or decelerates, the endolymph in the semi¬ 
circular ducts will change its speed of movement 
relative to that of the walls of the semicircular 
ducts. This change is detected in the sensory recep¬ 
tors in the ampullae of the semicircular ducts. 

The duct of the cochlea is triangular in cross sec¬ 
tion and is connected to the saccule by the ductus 
reunietis. The highly specialized epithelium that 
lies on the basilar membrane forms the spiral or¬ 
gan of Corti, and contains the sensory receptors for 
hearing. For a detailed description of the spiral or¬ 
gan, a textbook of histology should be consulted. 


VESTIBULOCOCHLEAR NERVE 

On reaching the bottom of the internal acoustic 
meatus (see p. 810), the nerve divides into vestib¬ 
ular and cochlear portions (Fig. 11-53). 

The vestibular nerve is expanded to form the ves¬ 
tibular ganglion. The branches of the nerve then 
pierce the lateral end of the internal acoustic me¬ 
atus and gain entrance to the membranous laby¬ 
rinth, where they supply the utricle, and saccule, 
and the ampullae of the semicircular ducts. 

The cochlear nerve divides into branches, which 
enter foramina at the base of the modiolus. The 
sensory ganglion of this nerve takes the form of an 
elongated spiral ganglion that is lodged in a canal 
winding around the modiolus, in the base of the 
spiral lamina. The peripheral branches of this 
nerve pass from the ganglion to the spiral organ of 
Corti. 


MAXILLARY NERVE 

The maxillary nerve arises from the trigeminal 
ganglion in the middle cranial fossa. (See p. 809.) 
It passes forward along the lower part of the lateral 
wall of the cavernous sinus and leaves the skull 


through the foramen rotundum, to enter the pter¬ 
ygopalatine fossa (Fig. 11-49). The nerve crosses 
the upper part of the fossa and enters the orbit by 
passing through the inferior orbital fissure (Fig. 11- 
50). 

The nerve is now called the infraorbital nerve, 
and it runs forward on the floor of the orbit, first 
in the infraorbital groove and then in the infraor¬ 
bital canal. It appears on the face by emerging 
through the infraorbital foramen. (See p. 751.) 


Branches 

1. A meningeal branch in the middle cranial fossa. 

2. The ganglionic branches are two short nerves 
that hold up the pterygopalatine ganglion in the 
pterygopalatine fossa (Fig. 11-50). They contain 
sensory fibers that without interruption have 
passed through the ganglion from the nose, pal¬ 
ate, and pharynx. They also contain postgan¬ 
glionic parasympathetic fibers that are going to 
the lacrimal gland. 

3. The posterior superior alveolar nerve arises in the 
pterygopalatine fossa. It passes downward on 
the back of the maxilla and pierces its posterior 
surface (Fig. 11-50). It supplies the maxillary 
sinus, the upper molar teeth, and the adjoining 
parts of the gum and cheek. 

4. The zygomatic nerve arises in the pterygopala¬ 
tine fossa and enters the orbit through the infe¬ 
rior orbital fissure (Fig. 11-50). It ascends on the 
lateral wall of the orbit and divides into the zy¬ 
gomaticotemporal and zygomaticofacial nerves 
(see p. 751), which are distributed to the skin of 
the face. 

5. The middle superior alveolar nerve arises from 
the infraorbital nerve as it lies in the infraorbital 
groove (Fig. 11-50). It descends in the lateral 
wall of the maxillary sinus and supplies the up¬ 
per premolar teeth and the adjoining parts of the 
gum and cheek. 

6. The anterior superior alveolar nerve arises from 
the infraorbital nerve as it lies in the infraorbital 
canal (Fig. 11-50). It descends in the anterior 
wall of the maxillaiy sinus to supply the upper 
canine and incisor teeth. A small terminal 
branch supplies part of the lateral wall and floor 
of the nose. 
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PTERYGOPALATINE GANGLION 

The pterygopalatine ganglion is a parasympathetic 
ganglion that is deeply placed in the pterygopala¬ 
tine fossa (Fig. 11-50). 

The preganglionic secretomotor fibers arise in 
the lacrimal nucleus of the facial nerve. They run 
in the sensory root of the facial nerve, then in its 
greater petrosal branch, and then in the nerve of 
the pterygoid canal, which enters the posterior sur¬ 
face of the ganglion. 

The postganglionic fibers reach the maxillary 
nerve by one of its ganglionic branches. They then 
run in the zygomatic nerve, the zygomaticotem¬ 
poral nerve, and the lacrimal nerve, to reach the 
lacrimal gland. Other postganglionic fibers run in 
the palatine nerves and nasal nerves to the palatine 
and nasal glands. 

Sympathetic postganglionic fibers reach the gan¬ 
glion via the internal carotid plexus, the deep pet¬ 
rosal nerve, and the nerve of the pterygoid canal. 
They pass without interruption through the gan¬ 
glion and emerge in the orbital branches of the 
ganglion. They supply the orbitalis muscle. 


Branches 

These are composed mainly of sensory fibers de¬ 
rived from the maxillary nerve. They reach the gan¬ 
glion by way of the ganglionic branches of the 
nerve. 

1. Orbital branches enter the orbit through the in¬ 
ferior orbital fissure. 

2. The greater and lesser palatine nerves supply the 
mucous membrane of the palate, tonsil, and na¬ 
sal cavity (Fig. 11-50). 

3. The nasal branches enter the nose through the 
sphenopalatine foramen and supply the mucous 
membrane of the nasal cavity. 

4. The pharyngeal branch supplies the mucous 
membrane of the roof of the nasal part of the 
pharynx. 


MAXILLARY ARTERY __ 

The maxillary artery leaves the infratemporal fossa 
(Fig. 11-27) by passing through the pterygomaxil- 
lary fissure into the pterygopalatine fossa. (See p. 


768.) Here, it splits up into branches, which ac¬ 
company the branches of the maxillary nerve. 


Branches 

1. The posterior superior alveolar artery descends 
on the posterior surface of the maxilla and sup¬ 
plies the maxillary sinus and the molar and pre¬ 
molar teeth. 

2. The infraorbital artery enters the orbital cavity 
through the inferior orbital fissure. It ends by 
emerging on the face with the infraorbital nerve. 

3. The g'eater palatine artery descends through the 
greater palatine canal with the greater palatine 
nerve. It is distributed to the mucous membrane 
covering the oral surface of the hard palate. 

4. The pharyngeal branch passes backward to sup¬ 
ply the mucous membrane of the root of the na¬ 
sopharynx. 

5. The sphenopalatine artery passes through the 
sphenopalatine foramen into the nasal cavity. It 
supplies the mucous membrane of the nasal cav¬ 
ity. One long septal branch descends to the in¬ 
cisive canal and supplies the mucous membrane 
on the undersurface of the hard palate, behind 
the incisor teeth. 


THE MOUTH 

The mouth extends from the lips to the oropha¬ 
ryngeal isthmus, i.e., the junction of the mouth 
with the pharynx. It is subdivided into the vestibule, 
which lies between the lips and cheeks externally 
and the gums and teeth internally, and the mouth 
cavity proper, which lies within the alveolar arches, 
gums, and teeth (Fig. 11-33). 

The vestibule is a slitlike space that communi¬ 
cates with the exterior through the oral fissure. 
When the jaws are closed, it communicates with 
the mouth proper behind the third molar tooth on 
each side. Superiorly and inferiorly, the vestibule is 
limited by the reflection of the mucous membrane 
from the lips and cheeks onto the gums. The cheek 
forms the lateral wall of the vestibule. It is made 
up of the buccinator muscle (see p. 757) and is 
lined by mucous membrane. The buccinator is cov¬ 
ered on the outside by the buccopharyngeal fascia. 
Opposite the upper second molar tooth a small pa¬ 
pilla is present on the mucous membrane, marking 
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the opening of the duct of the parotid salivary 
gland (Fig. 11-57). 

The mouth proper has a roof, which is formed 
bv the hard palate in front and the soft palate be¬ 
hind. The floor is formed largely by the anterior 
two-thirds of the tongue and by the reflection of 
the mucous membrane from the sides of the 
tongue to the gum on the mandible. In the midline, 
a fold of mucous membrane called th e frenulum of 
the tongue connects the undersurface of the tongue 
to the floor of the mouth (Fig. 11-57). On each side 
of the frenulum there is a small papilla, on the 
summit of which is the orifice of the duct of the 
submandibular gland. From the papilla, a rounded 
ridge of mucous membrane extends backward and 
laterally. It is produced by the underlying sublin¬ 
gual gland and is called the sublingual fold (Fig. 
11-57). 


SENSORY NERVE SUPPLY OF THE 
MUCOUS MEMBRANE OF THE MOUTH 

The roof is supplied by the greater palatine and na¬ 
sopalatine nerves. The nerve fibers travel in the 
maxillary nerve. 

The floor is supplied by the lingual nerve, a 
branch of the mandibular nerve. The taste fibers 
travel in the chorda tympani nerve, a branch of the 
facial nerve. 

The cheek is supplied by the buccal nerve, a 
branch of the mandibular nerve. 


The teeth of the lower jaw usually appear before 
those of the upper jaw. 

The permanent teeth are thirty-two in number, 
including four incisors, two canines, four premo¬ 
lars, and six molars in each jaw (Fig. 11-32). They 
begin to erupt at the sixth year. However, the last 
tooth to erupt is the third molar, and this may take 
place between the seventeenth and thirtieth years. 
The approximate times of eruption are as follows: 


First molars 
Central incisors 
Lateral incisors 
First premolars 
Second premolars 
Canines 
Second molars 
Third molars (wisdom 


6 years 

7 years 

8 years 

9 years 

10 years 

11 years 

12 years 

teeth) 17-30 years 


The teeth of the lower jaw usually appear before 
those of the upper jaw. 


Tongue 

The tongue is a mass of striated muscle covered 
with mucous membrane (Figs. 11-28 and 11-33). 
Its anterior two-thirds lies in the mouth, and its 
posterior third lies in the pharynx (Fig. 11-44). The 
muscles attach the tongue to the styloid process 
and the soft palate above, and to the mandible and 
the hyoid bone below. The tongue is divided into 
right and left halves by a median fibrous septum. 


Teeth 


MUSCLES OF THE TONGUE 


There are two sets of teeth, which make their ap¬ 
pearance at different times of life. The first set, 
called the deciduous teeth, is temporary. The sec¬ 
ond set is called the permanent teeth. 

The deciduous teeth are twenty in number; four 
incisors, two canines, and four molars in each jaw. 
They begin to erupt at about the sixth month after 
birth and have all erupted by the end of the second 
year. The approximate times of eruption are as fol¬ 
lows: 


Central incisors 
Lateral incisors 
First molars 
Canines 
Second molars 


6-8 months 
8-10 months 

1 year 

18 months 

2 years 


The muscles of the tongue are divided into two 
types: (1) intrinsic and (2) extrinsic. 

The intrinsic muscles are confined to the tongue 
and are not attached to bone. They consist of lon¬ 
gitudinal, transverse, and vertical fibers. 


Nerve Supply 
Hypoglossal nerve. 


Fig. 11-57. (A) Cavity of mouth. Cheek on left side 
of face has been cut away to show buccinator mus¬ 
cle and parotid duct. (B) Undersurface of tongue. 
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Action 

They alter the shape of the tongue. 

The extrinsic muscles are attached to bones and 
the soft palate. They are the genioglossus, the hyo- 
glossus, and the styloglossus, which have been de¬ 
scribed in the section on the submandibular re¬ 
gion. (See p. 777.) The palatoglossus is associated 
with the soft palate and is described on page 851. 


MUCOUS MEMBRANE OF THE TONGUE 

The mucous membrane of the upper surface of the 
tongue may be divided into anterior and posterior 
parts by a V-shaped sulcus, the sulcus terminalis 
(Fig. 11-57). The apex of the sulcus projects back¬ 
ward and is marked by a small pit, the foramen 
cecum. The sulcus serves to divide the tongue into 
the anterior two-thirds, or oral part, and the pos¬ 
terior third, or pharyngeal part. The foramen 
cecum is an embryological remnant and marks the 
site of the upper end of the thyroglossal duct. 

Three types of papillae are present on the upper 
surface of the anterior two-thirds of the tongue: (1) 
the filiform papillae, (2) the fungiform papillae, 
and (3) the vallate papillae. 

The filiform papillae are very numerous and 
cover the anterior two-thirds of the tongue on its 
upper surface. They form small conical projections 
and are whitish in color due to the thickness of the 
cornified epithelium. 

The fungiform papillae, which are much less nu¬ 
merous than the filiform papillae, are scattered on 
the sides and the apex of the tongue. They are 
mushroom-shaped and possess a vascular connec¬ 
tive tissue core, which imparts a reddish tinge to 
the papillae. 

The vallate papillae are ten to twelve in number 
and arc situated in a row immediately in front of 
the sulcus terminalis (Fig. 11-57). Each papilla 
measures about 2 mm in diameter and protrudes 
slightly from the surface. It is surrounded by a cir¬ 
cular furrow, in the walls of which lie the taste 
buds. 

The mucous membrane covering the posterior 
third of the tongue is devoid of papillae but has a 
nodular irregular surface caused by the presence of 
underlying lymphatic nodules, the lingual tonsil. 

The mucous membrane on the inferior surface 
of the tongue is smooth and is reflected from the 


tongue to the floor of the mouth. In the midline 
anteriorly, the underface of the tongue is connected 
to the floor of the mouth by a fold of mucous mem¬ 
brane, the frenulum of the tongue. On the lateral 
side of the frenulum, the deep lingual vein can be 
seen through the mucous membrane. Lateral to the 
lingual vein, the mucous membrane forms a 
fringed fold called the plica fimbriata (Fig. 11-57). 


BLOOD SUPPLY OF THE TONGUE 

The tongue is supplied by the lingual artery, the 
tonsillar branch of the facial artery, and the as¬ 
cending pharyngeal artery. The veins ultimately 
drain into the internal jugular vein. 


LYMPHATIC DRAINAGE 
OF THE TONGUE 

The tip of the tongue drains into the submental 
lymph nodes. The remainder of the anterior two- 
thirds of the tongue drains into the submandibular 
and deep cervical lymph nodes on both sides. 
Lvmph from the posterior third of the tongue 
drains into the deep cervical lyikiph nodes on both 
sides. 


SENSORY INNERVATION 
OF THE TONGUE 

The mucous membrane covering the anterior two- 
thirds of the tongue is supplied by the lingual nerve 
for ordinary sensations. Taste fibers from the an¬ 
terior two-thirds of the tongue, excluding the val¬ 
late papillae, run in the chorda tympani branch of 
the facial nerve. 

General sensation and taste appreciation from 
the posterior third of the tongue, including the val¬ 
late papillae, are served by the glossopharyngeal 
nerve. 


MOVEMENTS OF THE TONGUE 

Protrusion of the tongue may be brought about by 
the genioglossus muscles on both sides acting to¬ 
gether. 

Retraction of the tongue is produced by the sty¬ 
loglossus and by the hyoglossus muscles on both 
sides acting together. 

Depression of the tongue is produced by the hyo- 
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glossus and the genioglossus muscles on both sides 
acting together. 

Retraction and elevation of the posterior third of 
the tongue is produced by the styloglossus and pal¬ 
atoglossus muscles on both sides acting together. 
The shape of the tongue is modified by the "action 
of its intrinsic muscles. 


THE PHARYNX 

The pharynx is situated behind the nasal cavities, 
the mouth, and the larynx (Fig. 11-44). It is some¬ 
what funnel-shaped, its upper, wide end lying un¬ 
der the skull, and its lower, narrow end becoming 
continuous with the esophagus opposite the sixth 
cervical vertebra. The pharynx has a musculomem- 
branous wall, which is deficient anteriorly. Here, it 
is replaced by the posterior nasal apertures, the 
oropharyngeal isthmus (opening into the mouth), 
and the inlet of the larynx. 

The wall of the phaiynx has three layers: (1) mu¬ 
cous, (2) fibrous, and (3) muscular. 

The mucous membrane is continuous with that 
of the nasal cavities, the mouth, and the larynx 
(Fig. 11-44). By means of the auditory tubes, it is 
also continuous with that of the tympanic cavity. 
The upper part is lined by ciliated columnar epi¬ 
thelium, the lower part by stratified squamous ep¬ 
ithelium; where the two areas come together, there 
is a transitional zone. 

The fibrous layer lies between the mucous mem¬ 
brane and the muscle layer. It is thicker above, 
where it is strongly connected to the base of the 
skull (Fig. 11-59). Below, it becomes continuous 
with the submucous coat of the esophagus. 

The muscular layer consists of the superior, mid¬ 
dle, and inferior constrictor muscles, whose fibers 
run in a more or less circular direction (Fig. 11-58), 
and the stylopharyngeus and salpingopharyngeus 
muscles, whose fibers run in a more or less longi¬ 
tudinal direction. 


SUPERIOR CONSTRICTOR MUSCLE 
(FIGS. 11-58 and 11-59) _ 

Origin 

From the lower part of the posterior border of the 
medial pterygoid plate, the pterygoid hamulus, the 


pterygomandibular ligament, the posterior end of 
the mylohyoid line on the mandible, and the side 
of the tongue. 


Insertion 

The upper fibers curve medially and upward and 
are attached to the pharyngeal tubercle of the oc¬ 
cipital bone. The middle fibers are inserted into a 
median fibrous raphe on the posterior wall. The 
lower fibers curve medially and downward and 
join the fibrous raphe; they are overlapped by the 
middle constrictor muscle. 


Nerve Supply 
Pharyngeal plexus. 


Action 

See under inferior constrictor muscle. 


MIDDLE CONSTRICTOR MUSCLE (FIGS. 
11-58 and 11-59) 

Origin 

From the lower part of the stylohyoid ligament and 
from the lesser and greater cornua of the hyoid 
bone. 


Insertion 

The fibers radiate medially and are inserted into a 
median fibrous raphe on the posterior wall of the 
phaiynx. The superior fibers overlap the lateral 
surface of the superior constrictor muscle, and the 
inferior fibers are overlapped laterally by the infe¬ 
rior constrictor muscle. 


Nerve Supply 
Pharyngeal plexus. 


Action 

See under inferior constrictor- muscle. 
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Fig. 11-58. (A) Three constrictor muscles of phar¬ 
ynx. Superior and recurrent laryngeal nerves are 
also shown. (B) Hard palate. 
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Fig. 11-59. Pharynx seen from behind. (A) Note 
three constrictor muscles and position of stylopha- 
ryngeus muscles. (B) Greater part of posterior wall 
of pharynx has been removed to display nasal, 
oral, and laryngeal parts of pharynx. 
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11. The Head and Neck 


INFERIOR CONSTRICTOR MUSCLE (FIGS. 
11-58 and 11-59) _ 

Origin _ 

From the oblique line on the lamina of the thyroid 
cartilage, from a tendinous band connecting the 
thyroid cartilage to the cricoid cartilage, and from 
the side of the cricoid cartilage. 


Insertion 

The superior fibers curve upward and medially and 
overlap the lateral surface of the middle constrictor 
muscle. The lower fibers run horizontally medially 
and are continuous with the circular fibers of the 
esophagus below. All the fibers are inserted into a 
median fibrous raphe on the posterior wall of the 
pharynx. 


Nerve Supply 
Pharyngeal plexus. 


Action 

During the process of swallowing, the upper fibers 
of the superior constrictor muscle contract and pull 
the posterior pharyngeal wall forward, thus aiding 
the soft palate in closing off the upper part of the 
pharynx (nasal part of pharynx). 

The successive contraction of the superior, mid¬ 
dle, and inferior constrictor muscles propels the 
bolus of food down into the esophagus. 

The lowest fibers of the inferior constrictor mus¬ 
cle (Fig. 11-59), sometimes referred to as the 
cricopharyngeus muscle, are believed to exert a 
sphincteric effect on the lower end of the pharynx, 
preventing the entry of air into the esophagus be¬ 
tween the acts of swallowing. 


STYLOPHARYNGEUS MUSCLE (FIGS. 11- 
58 and 11-59) 

Origin 

From the medial side of the base of the styloid pro¬ 
cess of the temporal bone. 


Insertion 

The cylindrical muscle descends across the internal 
carotid artery on the lateral surface of the superior 
constrictor muscle. It enters the pharyngeal wall by 
passing between the superior and middle constric¬ 
tor muscles and is inserted with the palatopha- 
iyngeus into the posterior border of the thyroid car¬ 
tilage. 


Nerve Supply 

Glossopharyngeal nerve. 


Action 

Elevates the larynx and pharynx during the act of 
swallowing. 


SALPINGOPHARYNGEUS MUSCLE 
(FIG. 11-60) 

Origin 

From the lower part of the cartilage of the auditory 
tube. 


Insertion 

The fibers pass downward and blend with the pal- 
atopharvngeus muscle. 


Nerve Supply 
Pharyngeal plexus. 


Action 

Assists in elevating the pharynx. 


PALATOPHARYNGEUS MUSCLE 
(FIG. 11-60) 

The palatopharyngeus muscle is described with the 
soft palate. (See p. 851.) 


Interior of the Pharynx 

For purposes of description the pharynx is divided 
into three parts: nasal, oral, and laryngeal. 
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Fig. 11-60. (A) Junction of nose with nasal part of 
pharynx and mouth with oral part of pharynx. 

Note position of tonsil and opening of auditoiy 
tube. (B) Muscles of soft palate and upper part of 
pharynx. (C) Muscles of soft palate as seen from be¬ 
hind. (D) Horizontal section through mouth and 
oral part of pharynx, showing relations of tonsil. 
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Nasal Part of the Pharynx 

The nasal part of the pharynx lies behind the nasal 
cavities, above the soft palate (Fig. 11-44). When 
the soft palate is raised and the posterior wall of 
the pharynx is drawn forward, as in swallowing, 
the nasal part of the pharynx is shut off from the 
oral part of the pharynx. It has a roof, a floor, an 
anterior wall, a posterior wall, and lateral walls. 

The roof is supported by the body of the sphe¬ 
noid and the basilar part of the occipital bone. A 
collection of lymphoid tissue, called the pharyngeal 
tonsil, is present in the submucosa of this region 
(Fig. 11-62). 

The floor is formed by the sloping upper surface 
of the soft palate. The pharyngeal isthmus is the 
opening in the floor between the free edges of the 
soft palate and the posterior pharyngeal wall. Dur¬ 
ing the act of swallowing, this communication be¬ 
tween the nasal and oral parts of the pharynx is 
closed by the elevation of the soft palate and the 
pulling forward of the posterior wall of the phar¬ 
ynx. 

The anterior wall is formed by the posterior na¬ 
sal apertures, separated by the posterior edge of the 
nasal septum (Fig. 11-59). 

The posterior wall forms a continuous sloping 
surface with the roof It is supported by the ante¬ 
rior arch of the atlas (Fig. 11-62). 

The lateral wall, on each side, has the pharyn¬ 
geal opening of the auditory tube. Since the tube is 
directed forward, medially, and downward, the 
posterior margin of the tube forms an elevation, 
called the tubal elevation (Fig. 11-60). The salpin- 
gopharyngeus muscle, which is attached to the 
lower margin of the tube, produces a vertical fold 
of mucous membrane called the salpingopharyn¬ 
gealfold. The pharyngeal recess is a small depres¬ 
sion in the lateral wall behind the tubal elevation 
(Fig. 11-60). A collection of lymphoid tissue in the 
submucosa behind the opening of the auditory 
tube is called the tubal tonsil. 


Oral Part of the Pharynx 

The oral part of the pharynx lies behind the mouth 
cavity and extends from the soft palate to the upper 
border of the epiglottis. It has a roof, a floor, an 
anterior wall, a posterior wall, and lateral walls 
(Fig. 11-44). 


The roof is formed by the undersurface of the i 
soft palate and the pharyngeal isthmus (see above). 
Small collections of lymphoid tissue are present in 
the submucosa on the undersurface of the soft pal¬ 
ate. 

The^Zoor is formed by the posterior one-third of ‘ 
the tongue (which is almost vertical) and the inter¬ 
val between the tongue and the anterior surface of 
the epiglottis. The mucous membrane covering the < 
posterior third of the tongue is devoid of papillae, 
but is irregular in appearance, due to the presence . 
of the underlying lymphoid tissue, the lingual ton¬ 
sil (Fig. 11-62). The mucous membrane is reflected 
from the tongue onto the epiglottis. In the midline 
is an elevation, called the median glossoepiglottic 
fold, and two lateral glossoepiglottic folds. The 
depression on each side of the median glossoepi¬ 
glottic fold is called the vallecula (Fig. 11-60). 

The anterior wall opens into the mouth through 
the oropharyngeal isthmus. Below this opening is 
the pharyngeal part of the tongue (Fig. 11-59). 

The posterior wall is supported by the body of 
the second cervical vertebra and the upper part of 
the body of the third cervical vertebra (Fig. 11-44). 

The lateral walls on each side have the palato¬ 
glossal and the palatopharyngeal arches or folds 
and the palatine tonsils between them (Fig. 11-60). 

The palatoglossal arch is a fold of mucous mem¬ 
brane covering the underlying palatoglossus mus¬ 
cle. (See p. 851.) The interval between the two pal¬ 
atoglossal arches marks the boundary between the 
mouth and the oral pharynx and is called the oro¬ 
pharyngeal isthmus (Fig. 11-60). 

The palatopharyngeal arch is a fold of mucous 
membrane on the lateral wall of the oral part of 
the pharynx behind the palatoglossal arch (Fig. 11- 
60). It covers the underlying palatopharyngeus 
muscle. (See p. 851.) 

The tonsillar sinus is a triangular recess on the 
lateral wall of the oral pharynx between the pala¬ 
toglossal arch in front and the pa 1 atopharvngea 1 
arch behind. It is occupied by the palatine tonsil. 


PALATINE TONSILS 

The palatine tonsils are two masses of lymphoid 
tissue (Fig. 11-60) located in the lateral walls of the 
oral part of the pharynx in the tonsillar sinuses. 
Each tonsil is covered by mucous membrane, and 
its free medial surface projects into the cavity of the 
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pharynx. The surface is pitted by numerous small 
openings, which lead into the tonsillar crypts. The 
upper part of the medial surface of the tonsil has a 
deep intratonsillar cleft. The tonsil is covered on its 
lateral surface by a layer of fibrous tissue, called 
the capsule (Fig. 11-60). 

The tonsil reaches its maximum size during 
early childhood, but after puberty it diminishes 
considerably in size. 


Relations of the Palatine Tonsil 
Anteriorly 

The palatoglossal arch, beneath which it may ex¬ 
tend for a short distance. 


Posteriorly 

The palatopharyngeal arch. 


Superiorly 

The soft palate. Here, the tonsil becomes continu¬ 
ous with the lymphoid tissue on the undersurface 
of the soft palate. 


Inferiorly 

The posterior third of the tongue. Here, the pala¬ 
tine tonsil becomes continuous with the lingual 
tonsil. 


Medially 

The cavity of the oral part of the pharynx. 


Laterally 

The capsule is separated from the superior con¬ 
strictor muscle by loose areolar tissue (Fig. 11-60). 
The external palatine vein descends from the soft 
palate in this loose connective tissue to join the 
pharyngeal venous plexus. Lateral to the superior 
constrictor muscle lie the styloglossus muscle and 
the loop of the facial artery. The internal carotid 
artery lies 1 inch (2.5 cm) behind and lateral to the 
tonsil. 

The arterial supply to the tonsil is the tonsillar 
artery, a branch of the facial artery. 


The veins pierce the superior constrictor muscle 
and join the external palatine, the pharyngeal, or 
the facial veins. 

The lymphatic vessels join the upper deep cervi¬ 
cal lymph nodes. The most important node of this 
group is the jugulodigastric node, which lies below 
and behind the angle of the mandible. 


Laryngeal Part of the Pharynx 

The laryngeal part of the pharynx lies behind the 
opening into the larynx and the posterior surface of 
the larynx. It extends between the upper border of 
the epiglottis and the lower border of the cricoid 
cartilage. It has an anterior wall, a posterior wall, 
and lateral walls. 

The anterior wall is formed by the inlet of the 
larynx and by the mucous membrane covering the 
posterior surface of the larynx (Fig. 11-59). 

The posterior wall is supported by the bodies of 
the third, fourth, fifth, and sixth cervical vertebrae. 

The lateral wall is supported by the thyroid car¬ 
tilage and the thyrohyoid membrane. A small 
groove in the mucous membrane, called the piri¬ 
form fossa, is situated on each side of the laryngeal 
inlet (Fig. 11-59). It leads obliquely downward and 
backward from the region of the back of the tongue 
to the esophagus. The piriform fossa is bounded 
medially by the aryepiglottic fold and laterally by 
the lamina of the thyroid cartilage and the thyro¬ 
hyoid membrane. 

The nerve supply of the pharynx is mainly from 
the pharyngeal plexus; the latter is formed from 
branches of the glossopharyngeal, vagus, and sym¬ 
pathetic nerves. 

The motor nerve supply is derived from the cra¬ 
nial part of the accessory nerve, which, via the 
branch of the vagus to the pharyngeal plexus, sup¬ 
plies all the muscles of the pharynx except the sty- 
lopharyngeus, which is supplied by the glossopha¬ 
ryngeal nerve. 

The sensory nerve supply of the mucous mem¬ 
brane of the nasal part of the pharynx is mainly 
from the maxillary nerve. The mucous membrane 
of the oral pharynx is mainly supplied by the 
glossopharyngeal nerve. The mucous membrane 
around the entrance into the larynx is supplied by 
the internal laryngeal branch of the vagus nerve. 

The arterial supply of the pharynx is derived 
from branches of the ascending pharyngeal, the as- 
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cending palatine, the facial, the maxillary, and the 
lingual arteries. 

Veins drain into the pharyngeal venous plexus, 
which in turn drains into the internal jugular vein. 

The lymphatic vessels from the pharynx drain 
either directly into the deep cervical lymph nodes 
or indirectly via the retropharyngeal or paratra- 
cheal nodes. 


THE PALATE 

The palate forms the roof of the mouth. It may be 
divided into two parts: (1) the hard palate in front 
and (2) the soft palate behind. 

The hard palate is formed by the palatine pro¬ 
cesses of the maxillae and the horizontal plates of 
the palatine bones (Fig. 11-58). It is bounded by the 
alveolar arches, and behind it is continuous with 
the soft palate. It forms the floor of the nasal cav¬ 
ities. 

The undersitrface of the hard palate is covered 
with mucoperiosteum and possesses a median 
ridge, on either side of which the mucous mem¬ 
brane shows corrugations. The mucous membrane 
is covered by stratified squamous epithelium and 
possesses numerous mucous glands in its posterior 
part. 

The soft palate is a mobile fold attached to the 
posterior border of the hard palate (Fig. 11-60). It 
is covered on its upper and lower surfaces by mu¬ 
cous membrane and contains an aponeurosis, 
muscle fibers, lymphoid tissue, glands, vessels, and 
nerves. Its free posterior border presents in the 
midline a conical projection called the uvula. The 
soft palate is continuous at the sides with the lat¬ 
eral wall of the pharynx. 

The soft palate is composed of (1) mucous mem¬ 
brane, (2) palatine aponeurosis, and (3) muscles. 

The mucous membrane covers the upper and 
lower surfaces of the soft palate. It is covered 
mainly with stratified squamous epithelium. Nu¬ 
merous mucous glands are present on both sur¬ 
faces, and collections of lymphoid tissue are found 
in the submucosa. 

The palatine aponeurosis is a fibrous sheet at¬ 
tached to the posterior border of the hard palate. 
It is the expanded tendon of the tensor veli palatini, 
and it splits to enclose the musculus uvulae. 

The muscles of the soft palate are the tensor veli 


palatini, the levator veli palatini, the palatoglossus, 
the palatopharyngeus, and the musculus uvulae. 


Tensor Veli Palatini (Fig. 11-60) 

Origin 

From the spine of the sphenoid, the lateral side of 
the auditory tube, and the scaphoid fossa. 


Insertion 

The fibers converge as they descend and form a 
narrow tendon, which turns medially around the 
pterygoid hamulus. The tendon pierces the origin 
of the buccinator muscle and, together with the 
tendon of the muscle of the opposite side, expands 
to form the palatine aponeurosis. 


Nerve Supply 

From the nerve to the medial pterygoid muscle 
from the mandibular division of the trigeminal 
nerve. 


Action 

The two muscles tighten the soft palate so that it 
may be moved upward or downward as a tense 
sheet. 


Levator Veli Palatini (Fig. 11-60) 

Origin 

From the undersurface of the petrous part of the 
temporal bone and from the medial surface of the 
cartilage of the auditory tube. 


Insertion 

The muscle descends medial to the upper border of 
the superior constrictor muscle and is inserted into 
the upper surface of the palatine aponeurosis. 


Nerve Supply 

Pharyngeal plexus. 
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Action 

Nerve Supply 


Raises the soft palate. Pharyngeal plexus. 


Palatoglossus (Fig. 11-60) 

Action 

Origin 

Pulls the wall of the pharynx upward. Acting to¬ 

From the undersurface of the palatine aponeurosis, 
where it is continuous with the muscle of the op¬ 
posite side. 

gether, they pull the palatopharyngeal arches to¬ 
ward the midline. 


Musculus Uvulae (Fig. 11-60) 

Insertion 

Origin 

It passes downward and forward beneath the mu¬ 
cous membrane of the lateral wall of the pharynx, 
where it forms the palatoglossal arch. Having 
passed in front of the tonsil, it is inserted into the 

From the posterior border of the hard palate and 
the palatine aponeurosis. 

side of the tongue. 

Insertion 


The muscle is inserted into the mucous membrane 
of the uvula. 

Nerve Supply 

Pharyngeal plexus. 



Nerve Supply 

Action 

Pharyngeal plexus. 

Pulls the root of the tongue upward and backward. 
Both muscles contracting together cause the pala¬ 
toglossal arches to approach the midline, and thus 

Action 

the opening (oropharyngeal isthmus) between the 
oral pharynx and the mouth is narrowed. 

Pulls up the uvula. 

Palatopharyngeus (Fig. 11-60) 

MOVEMENTS OF THE SOFT PALATE 

Origin 

The pharyngeal isthmus (communicating channel 
between the nasal and oral parts of the pharynx) is 
closed by raising the soft palate. Closure occurs 
during the production of explosive consonants in 
speech. 

The soft palate is raised by the contraction of the 
levator veli palatini on each side. At the same time, 
the upper fibers of the superior constrictor muscle 
contract and pull the posterior pharyngeal wall for¬ 
ward. The palatopharyngeus muscles on both sides 
also contract, so that the palatopharyngeal arches 
are pulled medially, like side curtains. By this 
means the nasal part of the pharynx is closed off 
from its oral part. 

From the posterior border of the hard palate and 
from the palatine aponeurosis. 

Insertion 

It passes downward and backward beneath the 
mucous membrane of the lateral wall of the phar¬ 
ynx, where it forms the palatopharyngeal arch. It 
passes behind the tonsil and is inserted into the 
posterior border of the lamina of the thyroid car¬ 
tilage. It forms part of the longitudinal muscle of 
the pharyngeal wall. 
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CLEFT PALATE_ 

Cleft palate is commonly associated with cleft up¬ 
per lip. All degrees of cleft palate occur and are 
caused by failure of the palatal processes of the 
maxilla to fuse with each other in the midline; in 
severe cases these processes also fail to fuse with 
the primary palate (premaxilla) (Fig. 11-61). The 
first degree of severity is cleft uvula, and the second 
degree is ununited palatal processes. The third de¬ 
gree is ununited palatal processes and a cleft on 
one side of the primary palate. This type is usually 
associated with unilateral cleft lip. The fourth de¬ 
gree of severity, which is rare, consists of ununited 
palatal processes and a cleft on both sides of the 
primary palate. This type is usually associated with 
bilateral cleft lip. A very rare form may occur in 
which there is a bilateral cleft lip and failure of the 
primary palate to fuse with the palatal processes of 
the maxilla on each side. 


THE MECHANISM OF SWALLOWING 

After food enters the mouth, it is usually broken 
down by the grinding action of the teeth and is 
mixed with saliva. The food is repeatedly passed 
between the opposing teeth as the result of the 
movements of the tongue and the “trampoline¬ 
like” action of the buccinator muscles of the 
cheeks. The thoroughly mixed food is now formed 
into a bolus on the dorsum of the tongue and 
pushed upward and backward against the under¬ 
surface of the hard palate. This is brought about 
by the contraction of the styloglossus muscles on 
both sides, which pull the root of the tongue up¬ 
ward and backward. The contraction of the pala¬ 
toglossus muscles now squeezes the bolus back¬ 
ward into the oral part of the pharynx. The process 
of swallowing is an involuntary act from this point 
onward. 

The nasal part of the pharynx is now shut off 
from the oral part of the pharynx by the elevation 
of the soft palate (see above), the pulling forward 
of the posterior pharyngeal wall by the upper fibers 
of the superior constrictor muscle, and the contrac¬ 
tion of the palatopharyngeus muscles. 

The larynx and laryngeal part of the pharynx are 
now pulled upward by the contraction of the 
stylophaiyngeus, salpingopharyngeus, thyrohyoid, 
and palatopharyngeus muscles. The main part of 




r 





Fig. 11-61. Different forms of cleft palate: (A) cleft 
uvula, (B) cleft soft and hard palate, (C) total uni¬ 
lateral cleft palate and cleft lip, (D) total bilateral 
cleft palate and cleft lip, and (E) bilateral cleft lip 
and jaw. 


the larynx is thus elevated to the posterior surface 
of the epiglottis, and the entrance into the larynx is 
closed. (See p. 863.) 

The bolus moves downward over the epiglottis, t 
the closed entrance into the larynx, and reaches the 
lower part of the pharynx as the result of the suc¬ 
cessive contraction of the superior, middle, and in- > 
ferior constrictor muscles. Some of the food slides ! 
down the grooves on either side of the entrance into 
the larynx, i.e., down through the piriform fossae. : 

Finally, the lower fibers of the inferior constric¬ 
tor muscle (cricophaiyngeus muscle) relax, and the ■ 
bolus enters the esophagus. 
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THE NOSE 

The nose consists of the external nose and the nasal 
cavity. 

The external nose has a free tip and is attached 
to the forehead by the root, or bridge, of the nose. 
The external orifices of the nose are the two nos¬ 
trils, or nares (Fig. 11-62). Each nostril is bounded 
laterally by the ala and medially by the nasal sep¬ 
tum. 

The framework of the external nose is made up 
above by the nasal bones, the frontal processes of 
the maxillae, and the nasal part of the frontal bone. 
Below, the framework is formed of plates of hya¬ 
line cartilage, which include the upper and lower 
nasal cartilages and the septal cartilage. The mus¬ 
cles acting on the external nose are described on 
page 754. 

The skin over the dorsum and sides of the nose 
is thin and contains a large number of sebaceous 
glands. 

The nasal cavity extends from the nostrils, or 
nares, in front to the choanae behind (Fig. 11-62). 
It is divided into right and left halves by the nasal 
septum. Each half has a floor, a roof, and a lateral 
wall and medial wall. 

The floor is formed by the palatine process of the 
maxilla and the horizontal plate of the palatine 
bone, i.e., the upper surface of the hard palate. 

The roof is narrow and is formed from behind 
forward by the body of the sphenoid, the cribri¬ 
form plate of the ethmoid, the frontal bone, the 
nasal bone, and the nasal cartilages. 

The lateral wall is marked by three projections 
called the superior, middle, and inferior nasal con- 
chae. The area below each concha is referred to as 
a meatus (Fig. 11-62). 

The spheno-ethmoidal recess is a small area of 
the nose that lies above the superior concha and in 
front of the body of the sphenoid bone. It receives 
the opening of the sphenoidal air sinus (Fig. 11- 
62). 

The superior meatus lies below and lateral to the 
superior concha. It receives the openings of the pos¬ 
terior ethmoidal sinuses (Fig. 11-62). 

The middle meatus lies below and lateral to the 
middle concha. It has on its lateral wall a rounded 
prominence, the bulla ethmoidalis, caused by the 
bulging of the underlying middle ethmoidal air sin¬ 
uses, which open on its upper border (Fig. 11-62). 


A curved cleft, the hiatus semilunaris, lies imme¬ 
diately below the bulla. The anterior end of the hia¬ 
tus leads into a funnel-shaped channel called the 
infundibulum. The maxillary sinus opens into the 
middle meatus via the hiatus semilunaris. The 
frontal sinus opens into and is continuous with the 
infundibulum. The anterior ethmoidal sinuses also 
open into the infundibulum. 

The middle meatus is continuous in front with a 
depression called the atrium. The atrium is limited 
above by a ridge, the agger nasi (Fig. 11-62). Below 
and in front of the atrium, and just within the nos¬ 
tril, is the vestibule. This is lined by modified skin 
and possesses short, curved hairs, or vibrissae. 

The inferior meatus lies below and lateral to the 
inferior concha and receives the opening of the na¬ 
solacrimal duct (Fig. 11-62). A fold of mucous 
membrane forms an imperfect valve, which guards 
the opening of the duct. 

The medial wall, or nasal septum, is an osteo¬ 
cartilaginous partition covered by adherent mu¬ 
cous membrane. The upper part is formed by the 
vertical plate of the ethmoid, and its posterior part 
is formed by the vomer. The anterior portion is 
formed by the septal cartilage. Only rarely does it 
lie in the median plane. 

The mucous membrane lines the nasal cavities 
with the exception of the vestibules, which are 
lined by modified skin. There are two types of mu¬ 
cous membrane: (1) olfactory and (2) respiratory. 

The olfactory mucous membrane lines the upper 
surface of the superior concha and the sphenoeth¬ 
moidal recess. It also lines a corresponding area on 
the nasal septum and lines the roof. Its function is 
the reception of olfactory stimuli, and for this pur¬ 
pose it possesses specialized olfactory nerve cells. 
The central axons of these cells (the olfactory nerve 
fibers') pass through the openings in the cribriform 
plate of the ethmoid and end in the olfactory bulbs. 
(See p. 808.) There are also supporting and basal 
cells in the mucous membrane. The surface of the 
mucous membrane is kept moist by the secretions 
of numerous serous glands. 

The respiratory mucous membrane lines the 
lower part of the nasal cavities. Its function is to 
warm, moisten, and clean the inspired air. The 
warming process is accomplished by the presence 
of a plexus of veins in the submucous connective 
tissue. The moisture is derived from the abundant 
production of mucus secreted by glands and goblet 
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cells. Inspired dust particles are removed from the 
air by the moist, sticky surface of the mucous 
membrane. The contaminated mucus is contin¬ 
ually being moved backward by the ciliary action 
of the columnar ciliated epithelium that covers the 
surface. On reaching the pharynx, the mucus is 
swallowed. 

The nerve supply to the nasal cavity is as follows: 

The olfactory nerves arise from the special olfac¬ 
tory cells in the olfactory mucous membrane de¬ 
scribed above. They ascend through the cribriform 
plate, to reach the olfactory bulbs. (See p. 808.) 

The nerves of ordinary sensation are derived 
from the ophthalmic and maxillary divisions of the 
trigeminal nerve. The nerve supply to the anterior 
part of the nasal cavity comes from the anterior 
ethmoidal nerve. The nerve supply to the posterior 
part of the nasal cavity comes from the nasal, na¬ 
sopalatine, and palatine branches of the pterygo¬ 
palatine ganglion. 

The arterial supply to the nasal cavity is derived 
mainly from branches of the maxillary artery. The 
most important branch is the sphenopalatine ar¬ 
tery, which enters the nasal cavity through the pter¬ 
ygopalatine foramen. The sphenopalatine artery 
anastomoses with the septal branch of the superior 
labial branch of the facial artery in the region of 
the vestibule. This is a very common site of bleed¬ 
ing from the nose (epistaxis). 

The veins form a rich plexus in the submucosa. 
The plexus is drained by veins that accompany the 
arteries. 

The lymphatic vessels draining the vestibule end 
in the submandibular nodes. The remainder of the 
nasal cavity is drained by vessels that pass to the 
upper deep cervical nodes. 


THE PARANASAL SINUSES_ 

The paranasal sinuses are cavities found in the in¬ 
terior of the maxilla, frontal, sphenoid, and eth¬ 
moid bones (Figs. 11-62 and 11-63). They are lined 
with mucoperiosteum and filled with air; they 


Fig. 11-62. (A) Sagittal section through nose, 
mouth, larynx, and pharynx. (B) Lateral wall of 
nose and nasal part of pharynx. (C) Position of 
mirror in posterior rhinoscopy. (D) Structures seen 
in posterior rhinoscopy. 


communicate with the nasal cavity through rela¬ 
tively small apertures. The maxillary and sphenoi¬ 
dal sinuses are present in a rudimentary form at 
birth; they enlarge appreciably after the eighth year 
and become fully formed in adolescence. 

The mucus produced by the glands in the mu¬ 
cous membrane is moved into the nose by ciliary 
action of the columnar cells. Drainage of the mu¬ 
cus is also achieved by the syphon action created 
during the blowing of the nose. The function of the 
sinuses is to act as resonators to the voice; they also 
reduce the weight of the skull. When the apertures 
of the sinuses are blocked, or they become filled 
with fluid, the quality of the voice is markedly 
changed. 

The maxillary sinus is located within the body 
of the maxilla (Fig. 11-63). It is pyramidal in shape, 
with the base forming the lateral wall of the nose, 
and the apex in the zygomatic process of the max¬ 
illa. The roof is formed by the floor of the orbit, 
while the floor is formed by the alveolar process. 
The roots of the first and second premolars and of 
the third molar, and sometimes the root of the ca¬ 
nine, project up into the sinus. The roots of the 
teeth are enclosed in a thin layer of compact bone; 
occasionally, this is absent, and the root is in con¬ 
tact with the mucous membrane of the sinus. It is 
easy to understand how extraction of a tooth may 
result in a fistula, or how an infected tooth may 
produce sinusitis. 

The maxillary sinus opens into the middle me¬ 
atus of the nose through the hiatus semilunaris 
(Fig. 11-63). Unfortunately, this opening lies high 
up on the medial wall of the sinus, so that the sinus 
readily accumulates fluid. Since the frontal and an¬ 
terior ethmoidal sinuses drain into the infundibu¬ 
lum, which in turn drains into the hiatus semilu¬ 
naris, the chance that infection may spread from 
these sinuses into the maxillary sinus is great. 

The mucous membrane of the maxillary sinus is 
supplied by the superior alveolar and infraorbital 
nerves. 

The frontal sinuses, two in number, are con¬ 
tained within the frontal bone (Fig. 11-62). They 
are separated from each other by a bony septum, 
which frequently deviates from the medial plane. 
Each sinus is roughly triangular in shape, extend¬ 
ing upward above the medial end of the eyebrow 
and backward into the medial part of the roof of 
the orbit. 
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Fig. 11-63. (A) Bones of face, showing positions of 
frontal and maxillary sinuses. (B) Regions where 
pain is experienced in sinusitis. (Lightly dotted 
area in frontal sinusitis; solid area in spheno-eth- 
moidal sinusitis; and heavily dotted area in maxil¬ 
lary sinusitis.) (C) Coronal section through nasal 
cavity, showing the frontal, ethmoidal, and maxil¬ 
lary sinuses. 
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Table 11-5. The Paranasal Sinuses and Their Site of 
Drainage into the Nose 


Name of sinus 

Site of drainage 

Maxillary sinus 

Middle meatus through hiatus 
semilinaris 

Frontal sinus 

Middle meatus via 
infundibulum 

Sphenoid sinuses 
Ethmoidal sinuses 

Sphenoethmoidal recess 

Anterior group 

Infundibulum and into middle 
meatus 

Middle group 

Middle meatus on or above 
bulla ethmoidalis 

Posterior group 

Superior meatus 


Note that maxillary and sphenoidal sinuses are present in 
rudimentary form at birth and enlarge appreciably after the 
eighth year and are fully formed in adolescence. 


Each frontal sinus opens into the middle meatus 
of the nose through the infundibulum (Fig. 11-62). 
The mucous membrane is supplied by the supraor¬ 
bital nerve. 

The sphenoidal sinuses, two in number, lie 
within the body of the sphenoid bone (Fig. 11-62). 
Each sinus opens into the sphenoethmoidal recess 
above the superior concha. The mucous membrane 
is supplied by the posterior ethmoidal nerves. 

The ethmoidal sinuses are contained within the 
ethmoid bone, between the nose and the orbit (Fig. 
11-63). They are separated from the latter by a thin 
plate of bone, so that infection may readily spread 
from the sinuses into the orbit. They can be divided 
into three groups: anterior, middle, and posterior. 
The anterior group opens into the infundibulum, 
the middle group opens into the middle meatus, on 
or above the bulla ethmoidalis, and the posterior 
group opens into the superior meatus. The mucous 
membrane is supplied by the anterior and poste¬ 
rior ethmoidal nerves. See Table 11-5. 


THE LARYNX __ 

The larynx is a specialized organ that provides a 
protective sphincter at the inlet of the air passages 
and is responsible for voice production. Above, it 
opens into the laryngeal part of the pharynx, and 
below, it is continuous with the trachea. 

The framework of the laiynx is made up of car¬ 


tilages, which are connected by membranes and 
ligaments and moved by muscles. It is lined by mu¬ 
cous membrane. 

The thyroid cartilage (Fig. 11-64) consists of two 
laminae of hyaline cartilage meeting in the midline 
in the prominent V angle of the Adam’s apple. The 
posterior border of each lamina is drawn upward 
into a superior cornu and downward into an infe¬ 
rior cornu. On the outer surface of each lamina is 
an oblique line for the attachment of the sterno¬ 
thyroid, the thyrohyoid, and the inferior constrictor 
muscles. 

The cricoid cartilage is formed from a complete 
ring of hyaline cartilage (Fig. 11-64). It is shaped 
like a signet ring and lies below the thyroid carti¬ 
lage. It has a narrow anterior arch and a broad 
posterior lamina. On each side of the lateral sur¬ 
face there is a circular facet for articulation with 
the inferior cornu of the thyroid cartilage. On each 
side of the upper border there is an articular facet 
tor articulation with the base of the arytenoid car¬ 
tilage. All these joints are synovial joints. 

The arytenoid cartilages are small, two in num¬ 
ber, and pyramidal in shape (Fig. 11-64). They are 
situated at the back of the larynx, on the lateral 
part of the upper border of the lamina of the cri¬ 
coid cartilage. Each cartilage has an apex above 
and a base below. The apex supports the cornicu- 
late cartilage. The base articulates with the cricoid 
cartilage. Two processes project from the base. The 
vocal process projects horizontally forward and 
gives attachment to the vocal ligament. The mus¬ 
cular process projects laterally and gives attach¬ 
ment to the posterior and lateral cricoarytenoid 
muscles. 

The corniculate cartilages (Fig. 11-64) are two 
small nodules that articulate with the apices of the 
arytenoid cartilages and give attachment to the 
aryepiglottic folds. (See below.) 

The cuneiform cartilages are two small, rod¬ 
shaped pieces of cartilage placed so that one is in 
each aryepiglottic fold. They serve as supports for 
the folds (Fig. 11-64). 

The epiglottis is a leaf-shaped elastic cartilage 
situated behind the root of the tongue (Fig. 11-64). 
It is connected in front to the body of the hyoid 
bone, and by its stalk to the back of the thyroid 
cartilage. The sides of the epiglottis are connected 
to the arytenoid cartilages by the aryepiglottic 
folds. The upper edge of the epiglottis is free, and 
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Fig. 11-64. Larynx and its ligaments: (A) from the 
front, (B) from the lateral aspect, (C) from behind. 
(D) Left lamina of thyroid cartilage has been re¬ 
moved to display interior of larynx. 
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the covering of mucous membrane is reflected onto 
the posterior surface of the tongue. Here, there are 
a median glossoepiglottic fold and lateral pharyn- 
goepiglottic folds. The valleculae are depressions of 
mucous membrane present on either side of the 
glossoepiglottic fold. 


Membranes and Ligaments 
of the Larynx 

The thyrohyoid membrane connects the upper 
margin of the thyroid cartilage below to the upper 
margin of the posterior surface of the body and 
greater cornu of the hyoid bone above (Fig. 11-64). 
In the midline the membrane is thickened to form 
the median thyrohyoid ligament; the posterior bor¬ 
ders are thickened to form the lateral thyrohyoid 
ligaments. On each side the membrane is pierced 
by the superior laryngeal vessels and the internal 
laryngeal nerve. 

The cricotracheal ligament connects the lower 
margin of the cricoid cartilage to the first ring of 
the trachea (Fig. 11-64). 

Th efibroelastic membrane of the larynx lies be¬ 
neath the mucous membrane lining the larynx. The 
upper portion of the membrane is called the quad¬ 
rangular membrane, and it extends between the 
epiglottis and the arytenoid cartilages (Fig. 11-65). 
Its lower margin forms the vestibular ligaments. 
The lower part of the fibroelastic membrane is 
called the cricothyroid ligament. The anterior part 
of the cricothyroid ligament is thick and connects 
the cricoid cartilage to the lower margin of the thy¬ 
roid cartilage (Fig. 11-64). The lateral part of the 
ligament is thin and is attached below to the upper 
margin of the cricoid cartilage. The superior mar¬ 
gin of the ligament, instead of being attached to 
the lower margin of the thyroid cartilage, ascends 
within the thyroid cartilage on its medial surface. 
Its upper margin is thickened and forms the im¬ 
portant vocal ligament on each side (Fig. 11-64). 
The anterior end of each vocal ligament is attached 
to the deep surface of the thyroid cartilage. The 
posterior end is attached to the vocal process of the 
arytenoid cartilage. 

The hyoepiglottic ligament attaches the epiglottis 
to the hyoid bone. The thyroepiglottic ligament at¬ 
taches the epiglottis to the thyroid cartilage. 


Inlet of the Larynx 

The inlet of the larynx looks backward and upward 
into the laryngeal part of the pharynx (Fig. 11-62). 
The opening is bounded in front by the upper mar¬ 
gin of the epiglottis; laterally, by the aiyepiglottic 
fold of mucous membrane, which connects the 
epiglottis to the arytenoid cartilage; and posteriorly 
and below, by the mucous membrane stretching 
between the arytenoid cartilages. The corniculate 
cartilage on the apex of the arytenoid cartilage and 
the small bar, the cuneiform cartilage, produce a 
small elevation on the upper border of each ary- 
epiglottic fold. 


Cavity of the Larynx 

The cavity of the larynx extends from the inlet to 
the lower border of the cricoid cartilage. It may be 
divided into three parts: (1) the upper part, or ves¬ 
tibule, (2) the middle part, and (3) the lower part. 

The vestibule of the larynx extends from the inlet 
to the vestibular folds (Fig. 11-65). The latter are 
two thick folds of mucous membrane that cover 
the vestibular ligaments. The vestibule has an an¬ 
terior, posterior, and lateral wall. 

The anterior wall is formed by the posterior sur¬ 
face of the epiglottis, which is covered by mucous 
membrane. The posterior wall is formed by the ar¬ 
ytenoid cartilages and the interarytenoid fold of 
mucous membrane, containing the transverse ary¬ 
tenoid muscle. The lateral walls are formed by the 
aryepiglottic folds, which contain the aryepiglottic 
muscle. 

Below, the vestibule is narrowed by the pink ves¬ 
tibular folds, which project medially. The rima ves- 
tibuli is the gap between the vestibular folds. The 
vestibular ligament, which lies within each vestib¬ 
ular fold, is the thickened lower edge of the quad¬ 
rangular membrane. (See above.) The ligament 
stretches from the thyroid cartilage to the side of 
the arytenoid cartilage. 

The middle part of the larynx extends from the 
level of the vestibular folds to the level of the vocal 
folds. The vocal folds are white in color and contain 
the vocal ligaments (Fig. 11-65). Each vocal liga¬ 
ment is the thickened upper edge of the cricothy¬ 
roid ligament. (See above.) It stretches from the 
thyroid cartilage in front to the vocal process of the 
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arytenoid cartilage behind. The rimaglottidis is the 
gap between the vocal folds in front and the vocal 
processes of the arytenoid cartilages behind. 

Between the vestibular and vocal folds on each 
side is a small recess, called the sinus of the lcuynx. 
It is lined with mucous membrane, and from it, a 
small diverticulum, called the saccule of the larynx, 
passes upward between the vestibular fold and the 
thyroid cartilage (Fig. 11-65). 

The lower part of the larynx extends from the 
level of the vocal folds to the lower border of the 
cricoid cartilage. Its walls are formed by the inner 
surface of the cricothyroid ligament and the cricoid 
cartilage. 

The mucous membrane of the larynx lines the 
cavity and is covered with ciliated columnar epi¬ 
thelium. On the vocal folds, however, where the 
mucous membrane is subject to repeated trauma 
during phonation, the mucous membrane is cov¬ 
ered with stratified squamous epithelium. There 
are many mucous glands contained within the mu¬ 
cous membrane, and they are especially numerous 
in the saccules. Here, the secretion pours down 
onto the upper surface of the vocal folds and lubri¬ 
cates them during phonation. 


Muscles of the Larynx 

The muscles may be divided into two groups: (1) 
extrinsic and (2) intrinsic. 

The extrinsic muscles may be divided into two 
opposing groups, the elevators of the larynx and the 
depressors of the larynx. The larynx moves up dur¬ 
ing the act of swallowing and down following the 
act. Since the hyoid bone is attached to the thyroid 
cartilage by the thyrohyoid membrane, it follows 
that movements of the hyoid bone are accom¬ 
panied by movements of the larynx. 


ELEVATORS OF THE LARYNX_ 

The elevators of the larynx include the digastric, 
the stylohyoid, the mylohyoid, and the geniohyoid 


Fig. 11-65. (A) Muscles of larynx as seen from be¬ 
hind. (B) Coronal section through larynx. (C) Rima 
glottidis partially open as in quiet breathing. (D) 
Rima glottidis wide open as in deep breathing. (E) 
Muscles that move vocal ligaments. 


muscles. The stylopharyngeus, the salpingopha- 
ryngeus, and the palatopharyngeus, which are in¬ 
serted into the posterior border of the lamina of the 
thyroid cartilage, also elevate the larynx. 


DEPRESSORS OF THE LARYNX 

The depressors of the larynx include the sterno¬ 
thyroid, the sternohyoid, and the omohyoid mus¬ 
cles. The action of these muscles is assisted by the 
elastic recoil of the trachea. 

The intrinsic muscles may be divided into two 
groups: those that control the inlet into the larynx 
and those that move the vocal folds. 


MUSCLE CONTROLLING 
THE LARYNGEAL INLET 

Oblique Arytenoid (Fig. 11-65) 

Origin 

From the muscular process of the arytenoid carti- 
lage. 


Insertion 

Into the apex of the opposite arytenoid cartilage. 
Some of the fibers continue beyond the apex of the 
arytenoid cartilage and reach the epiglottis via the 
aryepiglottic fold. The latter fibers form the ary- 
epiglottic muscles. 


Nerve Supply 
Recurrent laryngeal nerve. 


Action 

The two muscles contracting together serve as a 
sphincter to the laryngeal inlet. They approximate 
the arytenoid cartilages to one another and draw 
them forward to the epiglottis. 

The laryngeal inlet opens as the result of a relax¬ 
ation of the oblique arytenoid muscle and the elas¬ 
tic recoil of the ligaments of the joints of the ary¬ 
tenoid cartilages and the cricoid cartilage. 
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MUSCLES CONTROLLING THE 
MOVEMENTS OF THE VOCAL FOLDS 

The vocal folds may be tightened or they may be 
relaxed. They may be adducted or they may be ab¬ 
ducted. The following muscles perform these ac¬ 
tions. 


Cricothyroid (Tensor) (Fig. 11-64) 
Origin 

From the side of the cricoid cartilage. 


Insertion 

The muscle is triangular in shape. The upper fibers 
pass upward and backward and are inserted onto 
the lower border of the lamina of the thyroid car¬ 
tilage. The lower fibers run backward and are in¬ 
serted onto the anterior border of the inferior cornu 
of the thyroid cartilage. 


Nerve Supply 
External laryngeal nerve. 


Action 

The vocal ligaments are tensed and elongated by 
increasing the distance between the angle of the 
thyroid cartilage and the vocal processes of the ar¬ 
ytenoid cartilages. This is brought about by the 
muscle (1) pulling the thyroid cartilage forward 
and (2) tilting the lamina of the cricoid cartilage 
backward with the attached arytenoid cartilages. 


Thyroarytenoid (Relaxor) (Fig. 11-65) 

Origin 

From the inner surface of the angle of the thyroid 
cartilage. 


Insertion 

The fibers lie lateral to the vocal ligament and are 
inserted onto the anterolateral surface of the ary¬ 
tenoid cartilage. Some of the fibers run alongside 
the vocal ligament and are attached to the vocal 


process of the arytenoid cartilage. The latter fibers 
are called the vocalis muscle. 


Nerve Supply 
Recurrent laryngeal nerve. 


Action 

Pulls the arytenoid cartilage forward toward the 
thyroid cartilage and thus shortens and relaxes the 
vocal ligament. 


Lateral Cricoarytenoid (Adductor) 

(Fig. 11-65) _ 

Origin 

From the upper border of the arch of the cricoid 
cartilage. 


Insertion 

Into the muscular process of the arytenoid carti- 
lage. 


Nerve Supply 
Recurrent laryngeal nerve. 


Action 

Pulls the muscular process of the arytenoid carti¬ 
lage forward, causing rotation of the arytenoid, so 
that the vocal process moves medially, and the vo¬ 
cal folds is adducted. 


Transverse Arytenoid (Fig. 11-65) 

Origin 

From the back and medial surface of the arytenoid 
cartilage. 


Insertion 

The muscle fibers bridge the interval between the 
arytenoid cartilages. The fibers are attached to the 
back and medial surface of the opposite arytenoid 
cartilage. 
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Nerve Supply 
Recurrent laryngeal nerve. 


Action 

Approximates the arytenoid cartilages and closes 
the posterior part of the rima glottidis. 


Posterior Cricoarytenoid (Abductor) 

(Fig. 11-65) _ 

Origin 

From the back of the lamina of the cricoid carti¬ 
lage. 


Insertion 

The fibers pass upward and laterally, to be inserted 
into the muscular process of the arytenoid carti- 
lage. 


Nerve Supply 
Recurrent laryngeal nerve. 


Action _ 

Pulls the muscular process of the arytenoid carti¬ 
lage backward, causing rotation of the arytenoid, 
so that the vocal process moves laterally, and the 
vocal fold is abducted. 


SPHINCTERIC FUNCTION 

OF THE LARYNX_ 

There are two sphincters in the larynx: (1) at the 
inlet and (2) at the rima glottidis. 

The sphincter at the inlet is used only during 
swallowing. As the bolus of food is passed back¬ 
ward between the tongue and the hard palate, the 
larynx is pulled up beneath the back of the tongue. 
The inlet of the larynx is narrowed by the action of 
the oblique arytenoid and aiyepiglottic muscles. 
The epiglottis is pushed backward by the tongue 
and serves as a cap over the laryngeal inlet. The 
bolus of food, or fluids, now enters the esophagus 
by passing over the epiglottis or moving down the 


grooves on either side of the laryngeal inlet, the pir¬ 
iform fossae. 

In coughing or sneezing, the rima glottidis serves 
as a sphincter. After inspiring, the vocal folds are 
adducted, and the muscles of expiration are made 
to contract strongly. As a result, the intrathoracic 
pressure rises, whereupon the vocal folds are sud¬ 
denly abducted. The sudden release of the com¬ 
pressed air will often dislodge foreign particles or 
mucus from the respiratory tract and carry the ma¬ 
terial up into the pharynx. Here, they are either 
swallowed or expectorated. 

In abdominal straining associated with micturi¬ 
tion, defecation, and parturition, the air is often 
held temporarily in the respiratory tract by closing 
the rima glottidis. After deep inspiration the rima 
glottidis is closed. The muscles of the anterior ab¬ 
dominal wall now contract, and the upward move¬ 
ment of the diaphragm is prevented by the pres¬ 
ence of compressed air within the respiratory tract. 
After a prolonged effort the person often releases 
some of the air by momentarily opening the rima 
glottidis, producing a grunting sound. 


VOICE PRODUCTION IN THE LARYNX 

The intermittent release of expired air between the 
adducted vocal folds results in their vibration and 
in the production of sound. The frequency, or pitch, 
of the voice is determined by changes in the length 
and tension of the vocal ligaments. The quality of 
the voice depends on the resonators above the lar¬ 
ynx, namely, the pharynx, mouth, and paranasal 
sinuses. The quality is controlled by the muscles of 
the soft palate, tongue, floor of the mouth, cheeks, 
lips, and jaws. Normal speech depends on the mod¬ 
ification of the sound into recognizable consonants 
and vowels by the use of the tongue, teeth, and lips. 
Vowel sounds are usually purely oral with the soft 
palate raised; that is to say, the air is channeled 
through the mouth rather than the nose. The phy¬ 
sician tests the mobility of the soft palate by asking 
the patient to say “ah” with the mouth open. 

Speech involves the intermittent release of ex¬ 
pired air between the adducted vocal folds. Singing 
a note requires a more prolonged release of the ex¬ 
pired air between the adducted vocal folds. In 
whispering, the vocal folds are adducted, but the 
arytenoid cartilages are separated; the vibrations 
are given to a constant stream of expired air that 
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passes through the posterior part of the rima glot- 
tidis. 


Movements of the Vocal Folds 
with Respiration 

In quiet respiration, the rima glottidis is triangular 
in shape, with the apex in front (Fig. 11-65C). With 
forced inspiration, the rima glottidis assumes a 
diamond shape due to the lateral rotation of the 
arytenoid cartilages (Fig. 11-65D). 


NERVE SUPPLY OF THE LARYNX 

The sensory nen>e supply to the mucous membrane 
of the larynx above the vocal folds is from the in¬ 
ternal laryngeal branch of the superior laryngeal 
branch of the vagus. Below the level of the vocal 
folds the mucous membrane is supplied by the re¬ 
current laryngeal nerve. 

The motor nerve supply to the intrinsic muscles 
of the larynx is the recurrent laryngeal nerve, ex¬ 
cept for the cricothyroid muscle, which is supplied 
bv the external laryngeal branch of the superior la¬ 
ryngeal branch of the vagus. 


BLOOD SUPPLY AND LYMPHATIC 
DRAINAGE OF THE LARYNX 

The arterial supply to the upper half of the larynx 
is from the superior laryngeal branch of the supe¬ 
rior thyroid artery. The lower half of the larynx is 
supplied by the inferior laryngeal branch of the in¬ 
ferior thyroid artery. 

The lymphatic vessels drain into the deep cervi¬ 
cal group of nodes. 


CERVICAL PART OF THE 
VERTEBRAL COLUMN 

The cervical part of the vertebral column shows a 
forward convexity and is made up of seven verte¬ 
brae. 

A typical cervical vertebra has the following 
characteristics (Fig. 11-66): In each transverse pro¬ 
cess there is a foramen transversarium for the ver¬ 
tebral vessels. (Note the vertebral artery only 
passes through transverse processes C 1-6.) The 


spines are small and bifid. The body is small and 
broader from side to side than from before back¬ 
ward; there are small synovial joints on each side. 
The vertebral foramen is large and triangular in 
shape. The superior articular processes have small, 
flat articular facets that face backward and up¬ 
ward; the inferior articular processes have facets 
that face downward and forward. 

The first, second, and seventh cervical vertebrae 
are atypical. 

The first cervical vertebra, or atlas, has no body 
and no spinous process (Fig. 11-66). It is merely a 
ring of bone consisting of anterior and posterior 
arches and a lateral mass on each side. Each lateral 
mass has articular surfaces on its upper and lower 
aspects. The bone articulates above with the occip¬ 
ital condyles, forming the atlanto-occipital joints, 
where nodding movements of the head take place. 
Below, the bone articulates with the axis, forming 
the atlanto-axialjoints, where rotation movements 
of the head take place. 

The second cervical vertebra, or axis, has a peg¬ 
like odontoid process, which surmounts the body 
and represents the body of the atlas, which has 
fused with the axis (Fig. 11-66). 

The seventh cervical vertebra, or vertebra prorni- 
nens, is so named because it has the longest spinous 
process. The spine is not bifid. The transverse pro¬ 
cess is large, but the foramen transversarium is 
small and does not transmit the vertebral artery 
(Fig. 11-66). 


VERTEBRAL ARTERY 

The vertebral artery arises from the upper border 
of the first part of the subclavian artery. (See p. 
740.) It ascends in front of the anterior ramus of 
the eighth cervical nerve, the transverse process of 
the seventh cervical vertebra, and the anterior ra¬ 
mus of the seventh cervical nerve. It enters the fo¬ 
ramen transversarium of the sixth cervical vertebra 
(Fig. 11-15). The artery now ascends through the 
transverse processes of the upper cervical vertebrae 
in front of the anterior rami of the upper cervical 
nerves. Having emerged from the atlas, it winds 
backward behind the lateral mass of that bone, 
pierces the dura mater, and ascends vertically into 
the skull through the foramen magnum. The fur¬ 
ther course of this artery is described on page 807. 
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Fig. 11-66. (A) Typical cervical vertebra, superior 
aspect. (B) Atlas, or first cervical vertebra, superior 
aspect. (C) Axis, or second cervical vertebra, from 
above and behind. (D) Seventh cervical vertebra, 
superior aspect. The foramen transversarium 
forms a passage for the vertebral vein but not for 
the vertebral artery. 
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Fig. 11-67. (A) Cross section of head a short dis¬ 
tance beneath the vault of the skull, viewed from 
below; (B) cross section of head at level of corpus 
callosum, viewed from below. 
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Fig. 11-68. (A) Cross section of head viewed from 
below; (B) coronal section of head and upper part 
of neck. 
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11-69. (A) Cross section of head just below the 
level of the hard palate, viewed from below; (B) 
cross section of neck at the level of the sixth cervi¬ 
cal vertebra, viewed from below. 








Radiographic Appearance Of The Head And Neck 869 


CERVICAL SPINAL NERVES 

The cervical spinal nerves, having emerged from 
the intervertebral foramina, divide into anterior 
and posterior rami (Fig. 11-8). The anterior rami 
pass laterally behind the vertebral artery and run 
behind the longus capitis above and the scalenus 
anterior below. The formation of the cervical 
plexus is described on page 734. The posterior rami 
run backward around the articular processes and 
are distributed to the muscles and skin of the back. 
The posterior ramus of the first cervical nerve does 
not reach the skin. 

Before studying the radiographic appearance of 
the head and neck, the student is encouraged to 
examine photographs of sections of the head and 
neck (see Figs. 11-67 to 11-69). 


RADIOGRAPHIC APPEARANCE 
OF THE HEAD AND NECK 

Radiological examination of the head and neck 
concentrates mainly on the bony structures, since 
the brain, muscles, tendons, and nerves blend into 
a homogeneous mass. However, a few normal 
structures within the skull become calcified in the 
adult, and the displacement of such structures may 
indirectly give evidence of a pathological condition. 
The pineal gland, for example, is calcified in 50 
percent of normal adults. It lies in the midline. The 
falx cerebri and the choroid plexuses also become 
calcified frequently. The brain may be studied by 
injecting contrast media into the subarachnoid 
space (e.g., pneumoencephalography ) or into the 
ventricular system (ventriculography). An indirect 
method, which is commonly used, is the injection 
of contrast media into the arterial system leading 
to the brain (cerebral arteriogram). However, these 
studies are specialized and considerable experience 
is required both to perform them and to interpret 
the results. Fortunately, the introduction of the 
technique of computerized axial tomography has 
provided physicians with a safe and accurate 
method of studying the intracranial contents. 


Radiographic Appearance 

of the Skull_ 

The selected position of the skull relative to the film 
cassette will depend on the anatomical area that 


one wishes to demonstrate. In this text the appear¬ 
ance seen on a straight postero-anterior view and 
on a lateral view will be described. Routine pos¬ 
tero-anterior and lateral views of the skull for the 
study of the paranasal sinuses will also be de¬ 
scribed. 

The straight postero-anterior view of the skull 
(Fig. 11-70) is taken with the forehead and nose 
against the film cassette and the X-ray tube posi¬ 
tioned behind the head, perpendicular to the film 
and in line with the external auditory meatus and 
the palpebral fissure. Unfortunately, in this posi¬ 
tion the petrous parts of the temporal bones are 
superimposed on the lower halves of the orbits. 

The different parts of the vault of the skull are 
visible and the sagittal, coronal, and lambdoid su¬ 
tures may be seen (Fig. 11-71). The frontal sinuses, 
the upper and lower margins of the orbit, the nasal 
septum and the conchae, the maxillary sinuses, 
and the maxillary teeth can be identified. 

The rami and body of the mandible are easily 
recognized. The sphenoidal and ethmoidal air sin¬ 
uses produce a composite shadow. 

The lateral view of the skull (Fig. 11-72) is taken 
with the sagittal plane of the skull parallel with the 
film cassette. The X-ray tube is centered over the 
region of the sella turcica. 

The different parts of the bones of the vault and 
base of the skull are well shown (Fig. 11-73). The 
zygomatic and maxillary bones are superimposed 
on each other and are not clear. The coronal, squa¬ 
mosal (between the squamous part of the temporal 
bone and the parietal bone), and lambdoid sutures 
can be recognized. The inner and outer tables of 
the skull bones and the intervening diploe can be 
seen. Depressions on the inner table are commonly 
seen in children and are produced by the underly¬ 
ing cerebral convolutions. 

The grooves produced by the anterior and pos¬ 
terior branches of the middle meningeal vessels 
may be seen running posteriorly across the parietal 
bones. A wide groove for the transverse sinus may 
also be identified as it crosses the occipital bone. 
Diploic vessels may be recognized as branching 
dark lines. 

The pineal body, if calcified, can be seen as a 
small shadow above and behind the external au¬ 
ditory meatus. 

Anteriorly, the frontal air sinuses are clearly 
shown superimposed on one another. Behind them 
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Fig. 11-70. Postero-anterior radiograph of the skull. 
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Fig. 11-71. Main features that can be seen in pos- 
tero-anterior radiograph of skull in Figure 11-70. 
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Fig. 11-72. Lateral radiograph of skull. 
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Fig. 11-73. Main features that can be seen in lateral 
radiograph of skull in Figure 11-72. 
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the two orbital plates of the frontal bones, which 
form the roofs of the orbits, can be demonstrated. 
Behind these are the lesser wings of the sphenoid, 
the anterior clinoid processes, and the sella turcica. 
The curved lines of the greater wings of the sphe¬ 
noid and the sphenoidal air sinuses should also be 
recognized. 

Behind the sella turcica, the dorsum sellae and 
the posterior clinoid processes are clearly seen 
(Figs. 11-72 and 11-73). The two petrous parts of 
the temporal bones are superimposed and form a 
dense shadow between the middle and posterior 
cranial fossae. Translucent areas formed by the ex¬ 
ternal auditory meatus and, behind them, the mas¬ 
toid air cells can be identified. The auricle of the 
external ear frequently produces a curved shadow 
above the petrous parts of the temporal bones. The 
temporomandibular joint can be recognized in 
front of the external auditory meatus. 

The nasal bones, the cribriform plate, the hard 
palate, the maxillary air sinus, and the teeth of the 
upper and lower jaws can all be seen. The ramus 
and body of the mandible, the hyoid bone, and the 
upper part of the cervical vertebral column should 
be identified. 

The postero-anterior view of the skull to visualize 
the paranasal sinuses (Fig. 11-74) is taken with the 
forehead and nose against the film cassette and the 
X-ray tube positioned behind the head, but tilted 
slightly caudally. The frontal and ethmoid sinuses 
are well shown, but unfortunately the petrous 
parts of the temporal bones obscure the maxillary 
sinuses (Fig. 11-75). The ethmoid bones are also 
superimposed on the sphenoidal sinuses. 

The lateral view of the skull to visualize the para¬ 
nasal sinuses (Fig. 11-76) is taken with the patient 
positioned in exactly the same manner as for a rou¬ 
tine lateral radiograph. The sphenoidal and frontal 
air sinuses are well shown (Fig. 11-77). The eth¬ 
moidal and maxillary sinuses are also seen, but the 
bony trabeculae somewhat obscure the view. 


Cerebral Arteriography 

The technique of cerebral arteriography is used in 
the detection of abnormalities of the cerebral ar¬ 
teries and in the detection and localization of 
space-occupying lesions such as tumors, blood 
clots, or abscesses. With the patient under general 
anesthesia and in the supine position, the head is 


centered on a radiographic apparatus that will take 
repeated radiographs at 2-second intervals. Both 
anteroposterior and lateral projections are ob¬ 
tained. A radiopaque medium is rapidly injected 
into the lumen of the common carotid or vertebral 
arteries. As the radiopaque material is introduced, 
a series of films are exposed. By this means the ce¬ 
rebral arteries can be demonstrated and their po¬ 
sition and patency determined (Figs. 11-78 to 11- 
81). Unfortunately this technique is not without 
risk, since the insertion of a needle through the 
wall of an arteiy or the manipulation of a catheter 
within its lumen may dislodge an atheromatous 
plaque, leading to cerebral embolism. 


Computerized Axial Tomography 

A new technique, known as computerized axial 
tomography, has been introduced for the detection 
of intracranial lesions. It is safe and provides very 
accurate information. 

Computerized axial tomography relies on the 
same physics as conventional X-rays, in that struc¬ 
tures are distinguished from one another by their 
ability to absorb energy from X-rays. The beams of 
X-rays, having passed through the region of the 
body under consideration, are collected by a special 
X-ray detector. The information is fed to a com¬ 
puter that processes the information, which is then 
displayed as a reconstructed picture on a television¬ 
like screen. Essentially, the observer sees an image 
of a thin slice through, for example, the head, 
which may then be photographed for later exami¬ 
nation (Figs. 11-82 and 11-83). The procedure is 
quick, lasting only a few seconds for each slice, and 
most patients require no sedation. 


Radiographic Appearance of 
the Cervical Vertebral Column 

The views commonly used to visualize the cervical 
vertebral column are (1) the anteroposterior and 
(2) the lateral view. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position, with the film cassette 
behind the head and neck. The X-ray tube is cen¬ 
tered on the prominent anterior border of the thy¬ 
roid cartilage. In this view, the body of the man¬ 
dible obscures the upper three cervical vertebrae, 
unless the mandibular shadow is blurred by the 
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patient’s opening and closing the mouth on request 
during exposure. Alternatively, the X-ray tube can 
be centered over the open mouth to obtain a good 
view of the first three cervical vertebrae. 

The bodies and spines of the vertebrae may be 
visualized. The different parts of the transverse 
processes, the foramen transversarium, and the ar¬ 
ticular processes are superimposed. It is usually 
possible to identify the pedicles. 

With the X-ray tube centered over the open 
mouth, the atlanto-axial articulation can be visu¬ 
alized, with the odontoid process lying between the 
lateral masses of the atlas. 

The lateral view (Fig. 11-84) is taken with the 
film cassette situated parallel to the sagittal plane 
of the vertebral column. The shoulders are lowered 
as much as possible, so that the seventh cervical 
vertebra is not obscured. The X-ray tube is directed 
toward the side of the neck, at a right angle to the 
film. 

The anterior and posterior arches of the atlas are 
well shown, and the odontoid process and body of 
the axis can be seen. The spinous processes and the 
joint surfaces of the articular processes are clearly 
visualized. The anterior and posterior surfaces of 
the vertebral bodies and the posterior surface of the 
vertebral canal are well shown. The transverse pro¬ 
cesses can be identified, but they are superimposed 
on the bodies of the vertebrae. 


Summary of the Courses and 
Distribution of the Cranial Nerves 

There are twelve pairs of cranial nerves, which 
leave the brain and pass through foramina in the 
skull. All the nerves are distributed in the head and 
neck except the tenth, which also supplies struc¬ 
tures in the thorax and abdomen. (See Table 11-3.) 
The cranial nerves are named as follows: 

1. Olfactory. 

2. Optic. 

3. Oculomotor. 

4. Trochlear. 

5. Trigeminal. 

6. Abducent. 

7. Facial. 

8. Vestibulocochlear. 

9. Glossopharyngeal. 

10. Vagus. 


11. Accessory. 

12. Hypoglossal. 

The olfactory, optic, and vestibulocochlear 
nerves are entirely sensory; the oculomotor, troch¬ 
lear, abducent, accessory, and hypoglossal nerves 
are entirely motor; and the remaining nerves are 
mixed. 


OLFACTORY NERVES 

The olfactory nerves, or nerves of smell, arise from 
olfactory receptor nerve cells in the olfactory mu¬ 
cous membrane. The olfactory mucous membrane 
is situated in the upper part of the nasal cavity 
above the level of the superior concha (Fig. 11-85). 
Bundles of these olfactory nerve fibers pass through 
the openings of the cribriform plate of the ethmoid 
bone to enter the olfactory bulb in the cranial cav¬ 
ity. The olfactory bulb is connected to the olfactory 
area of the cerebral cortex by the olfactory tract. 


OPTIC NERVE 

The optic nerve, or nerve of sight, is composed of 
the axons of the cells of the ganglionic layer of the 
retina. The optic nerve emerges from the back of 
the eyeball and leaves the orbital cavity through the 
optic canal to enter the cranial cavity. The optic 
nerve then unites with the optic nerve of the op¬ 
posite side to form the optic chiasma (Fig. 11-85). 

In the chiasma, the fibers from the medial half 
of each retina cross the midline and enter the optic 
tract of the opposite side, while the fibers from the 
lateral half of each retina pass posteriorly in the 
optic tract of the same side. Most of the fibers of 
the optic tract terminate by synapsing with nerve 
cells in the lateral geniculate body (Fig. 11-85). A 
few fibers pass to the pretectal nucleus and the su¬ 
perior colliculus and are concerned with light re¬ 
flexes. 

The axons of the nerve cells of the lateral genic¬ 
ulate body pass posteriorly as the optic radiation 
and terminate in the visual cortex of the cerebral 
hemisphere (Fig. 11-85). 


OCULOMOTOR NERVE_ 

The oculomotor nerve emerges on the anterior sur¬ 
face of the midbrain (Fig. 11-86). It passes forward 
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Fig. 11-74. Postero-anterior radiograph of skull for 
paranasal sinuses. 
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Fig. 11-75. Main features that can be seen in pos- 
tero-anterior radiograph of skull in Figure 11-74. 
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Fig* 11-76. Lateral radiograph of skull for para¬ 
nasal sinuses. 









Radiogmphic Appearance Of The Head And Neck 879 



maxi 1 la with teeth 


Fig. 11-77. Main features that can be seen in lateral 
radiograph of skull in Figure 11-76. 
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Fig. 11-78. Lateral internal carotid arteriogram. 
(From R. S. Snell and A. C. Wyman, An Atlas of 
Normal Radiographic Anatomy. Boston: Litde, 
BrovvTi, 1976.) 


Fig. 11-79. Main features that can be seen in arte¬ 
riogram in Figure 11-78. 
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Fig* 11-80. Anteroposterior internal carotid arterio¬ 
gram. (From R. S. Snell and A. C. Wyman, An Atlas 
of Normal Radiographic Anatomy. Boston: Little, 
Brown, 1976.) 
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Fig. 11-81. Main features that can be seen in arte¬ 
riogram in Figure 11-80. 
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Fig. 11-82. Computerized axial tomography of the 
adult brain. (A), (B), (C), and (D) represent serial 
cuts taken progressively through the skull from the 
base toward the vertex. (From R. S. Snell and A. C. 
Wyman, An Atlas of Normal Radiographic Anat¬ 
omy . Boston: Little, Brown, 1976.) 


Fig. 11-83. Main features that can be seen in the 
computerized axial tomograms shown in Figure 
11-82. 
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Fig. 11-84. Lateral radiograph of cervical vertebral 
column. 
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Fig. 11-86. (A) Origin and distribution of oculomo¬ 
tor nerve. (B) Origin and distribution of trochlear 
nerve. 
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in the middle cranial fossa in the lateral wall of the 
cavernous sinus. Here, it divides into a superior and 
an inferior ramus, which enter the orbital cavity 
through the superior orbital fissure. The superior 
and inferior rami of the oculomotor nerve supply 
the following extrinsic muscles of the eye: the lev¬ 
ator palpebrae superioris, superior rectus, medial 
rectus, inferior rectus, and inferior oblique (Fig. 
11-86). The oculomotor nerve also supplies two 
groups of intrinsic muscles, namely, the constrictor 
pupillae of the iris and the ciliary muscles. This 
nerve is therefore responsible for lifting the upper 
eyelid; turning the eye upward, downward, and 
medially; constricting the pupil; and allowing ac¬ 
commodation of the eye. 


TROCHLEAR NERVE 

The trochlear nerve, the most slender of the cranial 
nerves, leaves the posterior surface of the midbrain 
and immediately decussates with the nerve of the 
opposite side (Fig. 11-86). The trochlear nerve 
passes forward through the middle cranial fossa in 
the lateral wall of the cavernous sinus. Having en¬ 
tered the orbital cavity through the superior orbital 
fissure, it supplies the superior oblique muscle of 
the eyeball. This nerve therefore assists in turning 
the eye downward and laterally. 


TRIGEMINAL NERVE_ 

The trigeminal nerve, the largest of the cranial 
nerves, leaves the anterior aspect of the pons as a 
small motor root and a large sensory root. The 
nerve passes forward from the posterior cranial 
fossa to reach the apex of the petrous part of the 
temporal bone in the middle cranial fossa. Here, 
the large sensory root expands to form the trigem¬ 
inal ganglion (Fig. 11-87). The motor root of the 
trigeminal nerve is situated below the sensory gan¬ 
glion and is completely separate from it. The 
ophthalmic, maxillary, and mandibular nerves 
arise from the anterior border of the ganglion (Fig. 
11-87). 

The ophthalmic nerve is purely sensory (Fig. 11- 
87). It runs forward in the lateral wall of the cav¬ 
ernous sinus in the middle cranial fossa and divides 
into three branches, the lacrimal, frontal, and na¬ 
sociliary nerves, which enter the orbital cavity 
through the superior orbital fissure. The nerves are 


distributed to the cornea of the eye, the skin of the 
forehead and scalp, the eyelids, the mucous mem¬ 
brane of the paranasal sinuses, and the nasal cav¬ 
ity. 

The maxillary nerve is purely sensory (Fig. 11- 
87). It leaves the skull through the foramen rotun- 
dum and is eventually distributed to the skin of the 
face overlying the maxilla, the teeth of the upper 
jaw, the mucous membrane of the nose, the max¬ 
illary air sinus, and the palate. 

The mandibular nerve is motor and sensory (Fig. 
11-87). The sensory root leaves the trigeminal gan¬ 
glion and passes out of the skull through the fora¬ 
men ovale. The motor root of the trigeminal nerve 
also leaves the skull through the same foramen and 
joins the sensory root to form the trunk of the man¬ 
dibular nerve. The sensory fibers of the mandibular 
nerve supply the skin of the cheek and the skin over 
the mandible and on the side of the head. They also 
supply the temporomandibular joint and the teeth 
of the lower jaw, the mucous membrane of the 
cheek, the floor of the mouth, and the anterior part 
of the tongue. 

The motor fibers of the mandibular nerve supply 
the muscles of mastication; the mylohyoid muscle, 
which forms the floor of the mouth; the anterior 
belly of the digastric muscle; the tensor veli palatini 
of the soft palate; and the tensor tympani of the 
middle ear. 

The trigeminal nerve is thus the main sensory 
nerve of the head and innervates the muscles of 
mastication. It also tenses the soft palate and the 
tympanic membrane. 

ABDUCENT NERVE 

This small nerve emerges from the anterior surface 
of the hindbrain between the pons and the medulla 
oblongata (Fig. 11-87). It passes forward through 
the cavernous sinus in the middle cranial fossa and 
enters the orbit through the superior orbital fissure 
(Fig. 11-87). The abducent nerve supplies the lat¬ 
eral rectus muscle and is, therefore, responsible for 
turning the eye laterally. 

FACIAL NERVE_ 

The facial nerve emerges as two roots from the an¬ 
terior surface of the hindbrain between the pons 
and the medulla oblongata. The roots pass laterally 
in the posterior cranial fossa with the vestibulo- 
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Fig. 11-87. (A) Distribution of trigeminal nerve. (B) 
Origin and distribution of abducent nerve. 
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Fig. 11-88. (A) Distribution of facial nerve. (B) 
Branches of facial nerve within petrous part of 
temporal bone; the taste fibers are shown in 
white. The glossopharyngeal nerve is also shown. 
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cochlear nerve and enter the internal acoustic me¬ 
atus in the petrous part of the temporal bone. At 
the bottom of the meatus the nerve enters the facial 
canal that runs laterally through the inner ear. The 
facial nerve then becomes related to the middle ear 
and the aditus to the tympanic antrum, and 
emerges from the canal through the stylomastoid 
foramen. The nerve now passes forward through 
the parotid gland to its distribution (Fig. 11-88). 

The facial nerve supplies the muscles of the face, 
the cheek, and the scalp, the stylohyoid, the poste¬ 
rior belly of the digastric muscles of the neck, and 
the stapedius muscle of the middle ear. The sensory 
root carries taste fibers from the anterior two- 
thirds of the tongue, the floor of the mouth, and 
the soft palate. The parasympathetic secretomotor 
fibers supply the submandibular and sublingual 
salivary glands, the lacrimal gland, and the glands 
of the nose and palate. 

The facial nerve thus controls facial expression, 
salivation, and lacrimation and is a pathway for 
taste sensation from the anterior part of the tongue 
and floor of the mouth and from the soft palate. 

VESTIBULOCOCHLEAR NERVE 

The vestibulocochlear nerve consists of two sets of 
sensory fibers, vestibular and cochlear. They leave 
the anterior surface of the brain between the pons 
and the medulla oblongata (Fig. 11-89). They cross 
the posterior cranial fossa and enter the internal 
acoustic meatus with the facial nerve. 

The vestibular fibers originate from the vestibule 
and the semicircular canals and the cochlear fibers 
from the cochlea of the internal ear (Fig. 11-89). 
The vestibular part of the nerve is concerned with 
the sense of position and movement of the head, 
and the cochlear part with hearing. 

GLOSSOPHARYNGEAL NERVE 

The glossopharyngeal nerve is a motor and a sen¬ 
sory nerve. It emerges from the anterior surface of 
the medulla oblongata between the olive and the 
inferior cerebellar peduncle. It passes laterally in 
the posterior cranial fossa and leaves the skull by 
passing through the jugular foramen. The glosso¬ 
pharyngeal nerve then descends through the upper 
part of the neck to the back of the tongue (Fig. 11- 
89). The motor fibers supply the stylopharyngeus 
muscle; the parasympathetic secretomotor fibers 


supply the parotid salivary gland. The sensory fi¬ 
bers, which are concerned with general sensation 
and taste, pass to the posterior third of the tongue 
and the pharynx; they also innervate the carotid 
sinus and carotid body. 

The glossopharyngeal nerve thus assists swal¬ 
lowing and promotes salivation. It also conducts 
sensation from the pharynx and the back of the 
tongue and carries impulses, which influence the 
arterial blood pressure and respiration, from the 
carotid sinus and carotid body. 


VAGUS NERVE 

The vagus nerve is composed of motor and sensory 
fibers. It emerges from the anterior surface of the 
medulla oblongata between the olive and the infe¬ 
rior cerebellar peduncle. The nerve passes laterally 
through the posterior cranial fossa and leaves the 
skull through the jugular foramen. The vagus nerve 
then descends through the neck alongside the ca¬ 
rotid arteries and internal jugular vein within the 
carotid sheath. It passes through the mediastinum 
of the thorax (Fig. 11-90), pierces the diaphragm 
with the esophagus, and terminates within the ab¬ 
domen. 

The vagus nerve innervates the heart and great 
vessels within the thorax, the laiynx, trachea, bron¬ 
chi, and lungs, and much of the alimentary tract 
from the pharynx to the distal part of the trans¬ 
verse colon. It also supplies glands associated with 
the alimentary tract, such as the liver and pan¬ 
creas. 

The vagus nerve has the most extensive distri¬ 
bution of all the cranial nerves and supplies the 
structures named above with afferent and efferent 
fibers. 


ACCESSORY NERVE 

The accessory nerve is a motor nerve. It consists of 
a cranial root (part) and a spinal root (part). 

The cranial root emerges from the anterior sur¬ 
face of the medulla oblongata between the olive 
and the inferior cerebellar peduncle (Fig. 11-91). 
The nerve runs laterally in the posterior cranial 
fossa and joins the spinal root. 

The spinal root arises from nerve cells in the an¬ 
terior gray column (horn) of the upper five seg¬ 
ments of the cervical part of the spinal cord. The 
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nerve ascends alongside the spinal cord (Fig. 11-91) 
and enters the skull through the foramen magnum. 
It then turns laterally to join the cranial root. 

The two roots unite and leave the skull through 
the jugular foramen. The roots then separate and 
the cranial root joins the vagus nerves and is dis¬ 
tributed in its branches to the muscles of the soft 
palate and pharynx (via the pharyngeal plexus), 
and to the muscles of the larynx (except the cri¬ 
cothyroid muscle). The spinal root supplies the 
sternocleidomastoid and trapezius muscles. 

The accessory nerve thus brings about move¬ 
ments of the soft palate, pharynx, and larynx, and 
controls the movements of the sternocleidomastoid 


and trapezius muscles, two large muscles in the 
neck. 


HYPOGLOSSAL NERVE 

The hypoglossal nerve is a motor nerve. It emerges 
on the anterior surface of the medulla oblongata 
between the pyramid and the olive, crosses the pos¬ 
terior cranial fossa, and leaves the skull through 
the hypoglossal canal. The nerve then passes down¬ 
ward and forward in the neck to reach the tongue 
(Fig. 11-91). The .hypoglossal nerve innervates the 
muscles of the tongue and thus controls the shape 
and movements of the tongue. 


CLINICAL NOTES 
Superficial Veins of the Neck 

The external jugular vein descends in the neck in 
the superficial fascia. It runs from the angle of the 
mandible over the sternocleidomastoid and pierces 
the investing layer of deep cervical fascia a finger- 
breadth above the midpoint of the clavicle, to drain 
into the subclavian vein. In clinical practice this 
vein serves as a useful venous manometer. Nor¬ 
mally, when the patient is supine, with the head on 
pillows, the level of the blood in the external jugu¬ 
lar veins reaches about a third of the way up the 
neck. As the patient sits up, the blood level falls, 
until it is no longer visible behind the clavicle. A 
rise in venous pressure may be found in patients 
with right-sided heart failure, obstruction of the 
superior vena cava by a neoplasm, raised intra- 
thoracic pressure, or overtransfusion. Singers tend 
to have enlarged superficial veins, due to prolonged 
periods of raised intrathoracic pressure. 

Should the external jugular vein be severed at the 
point where it pierces the deep fascia, air may be 
drawn into the vein during inspiration, since the 
vein wall is tethered to the fascia, and the vein can¬ 
not collapse. 


Deep Fascia of the Neck 

The deep fascia lies beneath the platysma muscle 
and supports the muscles, vessels, and nerves of the 
neck. In certain areas it forms distinct sheets, 
which are called (1) the investing, (2) the pretra¬ 


cheal, and (3) the prevertebral layers. These have 
been described in detail on page 711. 

These fascial layers are easily recognizable to the 
surgeon at operation. Their clinical importance 
stems from the fact that they may determine the 
direction of the spread of pus, or may limit the 
spread of pus, in neck infections. Ludwig’s angina , 
which is a streptococcal infection in the subman¬ 
dibular region, is limited by the attachment of the 
investing layer of deep cervical fascia to the lower 
margin of the mandible above and the body of the 
hyoid bone below. The inflammatory edema ex¬ 
tends beneath the floor of the mouth and pushes 
the tongue forward and upward. Failure to treat 
this conditon adequately results in the eventual 
spread of the infection downward, with edema of 
the vocal folds. 

Tuberculous infection of the deep cervical lymph 
nodes may result in liquefaction and destruction of 
one or more of the nodes. The pus is at first limited 
by the investing layer of the deep fascia. Later, this 
becomes eroded at one point, and the pus passes 
into the less restricted superficial fascia. A dumb¬ 
bell or collar-stud abscess is now present. The cli¬ 
nician is aware of the superficial abscess, but he 
must not forget the existence of the deeply placed 
abscess. 

Pus arising from tuberculosis of the upper cer¬ 
vical vertebrae is limited in front by the preverte¬ 
bral layer of deep fascia. A midline swelling is 
formed, which bulges forward in the posterior wall 
of the pharynx. The pus then tracks laterally and 
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downward behind the carotid sheath, to reach the 
posterior triangle. Here, the fascia, which forms a 
covering to the muscular floor of the triangle, is 
weaker, and the abscess points behind the sterno¬ 
cleidomastoid. Rarely, the abscess may track down¬ 
ward behind the prevertebral fascia, to reach the 
superior and posterior mediastina in the thorax. 

It is important to distinguish this condition from 
an abscess involving the retrophar}>ngeal lymph 
nodes. These nodes lie in front of the prevertebral 
layer of fascia, but behind the buccopharyngeal 
fascia, which covers the outer surface of the con¬ 
strictor muscles. Such an abscess usually points on 
the posterior pharyngeal wall and, if untreated, 
ruptures into the pharyngeal cavity. 


Sternocleidomastoid Muscle 

Congenital Torticollis 

It is now generally accepted that most cases of con¬ 
genital torticollis are a result of excessive stretching 
of the sternocleidomastoid muscle during a diffi¬ 
cult labor. Hemorrhage occurs into the muscle and 
may be detected as a small rounded “tumor” dur¬ 
ing the early weeks after birth. Later, this becomes 
invaded by fibrous tissue, which contracts and 
shortens the muscle. The mastoid process is thus 
pulled down toward the sternoclavicular joint of 
the same side; the cervical spine is flexed; and the 
face looks upward to the opposite side. If left un¬ 
treated, asymmetrical growth changes will occur 
in the face, and the cervical vertebrae may become 
wedge-shaped. 


Spasmodic Torticollis^__ 

This condition, which results from repeated 
chronic contractions of the sternocleidomastoid 
and trapezius muscles, is usually psychogenic in 
origin. Section of the spinal part of the accessory 
nerve may be necessary in severe cases. 


Posterior THangie of the Neck _ 

The spinal part of the accessory nerve emerges from 
behind the middle of the posterior border of the 
sternocleidomastoid muscle. It crosses the poste¬ 
rior triangle on the levator scapulae muscle in a 


relatively superficial position. It leaves the triangle 
by passing deep to the anterior border of the tra¬ 
pezius muscle, which it supplies. 

This nerve may be injured at operation or from 
penetrating wounds. The trapezius muscle is par¬ 
alyzed; the muscle will show wasting; and the 
shoulder will drop. The patient will experience dif¬ 
ficulty in elevating the arm above the head, having 
abducted it to a right angle by using the deltoid 
muscle. 

The roots and trunks of the brachial plexus oc¬ 
cupy the anterior-inferior angle of the posterior tri¬ 
angle of the neck. Incomplete lesions may result 
from stab or bullet wounds, traction, or pressure 
injuries. The clinical findings in the Erb-Duchenne 
and the Klumpke’s lesions are fully described on 
page 527. 

It will be remembered that the axillary sheath, 
formed from the prevertebral layer of deep cervical 
fascia, encloses the brachial plexus and the axillary 
artery. A brachial plexus nerve block can easily be 
obtained by closing the distal part of the sheath in 
the axilla with finger pressure, inserting a syringe 
needle into the proximal part of the sheath, and 
then injecting a local anesthetic. The anesthetic so¬ 
lution is massaged along the sheath, producing a 
nerve block. The syringe needle may be inserted 
into the axillary sheath in the lower part of the pos¬ 
terior triangle of the neck or in the axilla. 

At the root of the neck, the brachial plexus and 
the subclavian artery enter the posterior triangle 
through a narrow muscular-bony triangle. The 
boundaries of the narrow triangle are formed in 
front by the scalenus anterior, behind by the sca¬ 
lenus medius, and below by the first rib. In the 
presence of a cervical rib (see p. 76), the first tho¬ 
racic nerve and the subclavian artery will be raised 
and angulated as they pass over the rib. Partial or 
complete occlusion of the artery causes ischemic 
muscle pain in the arm, which is worsened by ex¬ 
ercise, Rarely, pressure on the first thoracic nerve 
causes symptoms of pain in the forearm and hand 
and wasting of the small muscles of the hand. 

In severe traumatic accidents to the upper limb 
involving laceration of the brachial or axillary ar¬ 
teries, it is important to remember that the hem¬ 
orrhage may be stopped by exerting strong pres¬ 
sure downward and backward on the third part of 
the subclavian artery. The use of a blunt object to 
exert the pressure is of great help, and the artery is 
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compressed against the upper surface of the first 
rib. 

The cervical dome of the pleura and the apex of 
the lung extend up into the root of the neck on each 
side. Covered by the suprapleural membrane, they 
lie behind the subclavian artery. A penetrating 
wound above the medial end of the clavicle may 
involve the apex of the lung. 


Anterior Triangle of the Neck 

The platysma lies in the superficial fascia that 
roofs over the anterior triangle. Functionally, it is 
an unimportant muscle. However, the surgeon 
must take great care to suture the cut edges of this 
muscle when sewing up incisions, since failure to 
do so will result in stretching of the skin scar. 

The nerve supply to the platysma, the cervical 
branch of the facial nerve, emerges from the lower 
end of the parotid gland and travels to the pla¬ 
tysma muscle; it then sometimes crosses the lower 
border of the mandible, to supply the depressor an- 
guli oris. In operations on the face or upper part of 
the neck, accidental section of this nerve may result 
in distortion of the shape of the mouth. 

The bifurcation of the common carotid artery 
into the internal and external carotid arteries can 
be easily palpated just beneath the anterior border 
of the sternocleidomastoid muscle at the level of 
the superior border of the thyroid cartilage. This is 
a convenient site to take the carotid pulse. 

In cases of carotid sinus hypersensitivity, pressure 
on one or both carotid sinuses may cause excessive 
slowing of the heart rate, a fall in blood pressure, 
and cerebral ischemia with fainting. 

Extensive arteriosclerosis of the internal carotid 
artery in the neck may cause visual impairment or 
blindness in the eye on the side of the lesion, due 
to insufficient blood flow through the retinal ar¬ 
tery. There may also be motor paralysis and sen¬ 
sory loss on the opposite side of the body caused by 
insufficient blood flow through the middle cerebral 
artery. 

The midline structures in the neck should be 
readily recognized as one passes an examining fin¬ 
ger down the neck from the chin to the supraster¬ 
nal notch. (For details, see p. 702.) The physician 
commonly forgets that an enlarged submental 
lymph node may be due to a pathological condition 


anywhere between the tip of the tongue and the 
point of the chin. 

The trachea can be readily felt below the larynx. 
As it descends, it becomes deeply placed and may 
lie as much as lVz inches (4 cm) from the surface 
at the suprasternal notch. Remember that in the 
adult it may measure as much as 1 inch (2.5 cm) 
in diameter, but in a 3-year-old child it may mea¬ 
sure only Vs inch (0.5 cm) in diameter. The trachea 
is a mobile elastic tube and is easily displaced by 
the enlargement of adjacent organs or the presence 
of tumors. Remember also that lateral displace¬ 
ment of the cervical part of the trachea may be due 
to a pathological lesion in the thorax. 

Tracheotomy is a commonly performed proce¬ 
dure in which a tube is inserted into the lumen of 
the trachea through the front of the neck to provide 
an airway. It may be carried out at two sites in 
patients with laiyngeal obstruction. High tracheot¬ 
omy is performed in the interval between the cri¬ 
coid cartilage and the isthmus of the thyroid 
gland. + The trachea is steadied by extending the 
neck over a sandbag. A vertical incision is made 
through the following tissues: (1) skin; (2) super¬ 
ficial fascia (beware of the anterior jugular veins, 
which lie on either side of the midline close to¬ 
gether in the plane); (3) investing layer of deep 
cervical fascia; (4) pretracheal fascia (separate the 
sternohyoid muscles and incise the fascia); and (5) 
the trachea, which is incised through a vertical in¬ 
cision after retracting the isthmus of the thyroid 
gland downward. 

Avoid the following anatomical pitfalls: (1) In 
patients with chronic respiratory obstruction, the 
anterior jugular veins are distended with blood and 
are often touching in the midline. (2) Stretch and 
steady the trachea by extending the neck. The tra¬ 
chea is very mobile in the living and may slip to 
one side, causing you to plunge your knife into the 
esophagus. (3) If you have to cut the isthmus of the 
thyroid gland, be sure to ligate the terminal 
branches of the superior thyroid artery, which 
anastomose with one another along the upper bor¬ 
der of the isthmus. (4) Remember that in small 
children the trachea is the size of a pencil. An over- 

r In an emergency it is sometimes safer to incise the cricothy¬ 
roid ligament or membrane. By so doing you avoid the pos¬ 
sibility of damaging the isthmus of the thyroid gland. 
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enthusiastic surgeon may easily plunge his scalpel 
through the trachea into the esophagus. (5) Make 
sure the tracheotomy tube is inserted into the lu¬ 
men of the trachea and does not slide down among 
the infrahyoid muscles. 

Low tracheotomy is a more difficult operation. 
The trachea is opened below the isthmus of the 
thyroid gland and above the suprasternal notch. A 
vertical incision is made through the following tis¬ 
sues: (1) skin; (2) superficial fascia; (3) investing 
layer of deep fascia (the suprasternal space is 
opened and the jugular arch is found and divided 
between ligatures); (4) connective tissue contain¬ 
ing the inferior thyroid veins and possibly the thy- 
roidea ima artery; (5) pretracheal fascia; and (6) 
trachea. In incising the trachea, the brachioce¬ 
phalic vessels must be avoided. In children the thy¬ 
mus may obscure the trachea. 

Self-inflicted cut throat wounds often fail, since 
the suicidal patient extends his neck when he 
makes the wound, and the carotid sheath, with its 
large vessels, is retracted deeply under cover of the 
sternocleidomastoid. Unaware of this fact, a suici¬ 
dal patient often has to make several incisions be¬ 
fore the great vessels of the neck are sectioned. The 
common sites for the wound are immediately 
above and below the hyoid bone. 

The thyroid gland is invested in a sheath derived 
from the pretracheal fascia. This tethers the gland 
to the larynx and the trachea and explains why the 
thyroid gland follows the movements of the larynx 
in swallowing. The close relationship between the 
trachea and the lobes of the thyroid gland com¬ 
monly results in pressure on the trachea in patients 
with pathological enlargement of the thyroid. 

The attachment of the sternothyroid muscles to 
the thryoid cartilage effectively binds down the thy¬ 
roid gland to the larynx and limits upward expan¬ 
sion of the gland. There being no limitation to 
downward expansion, it is not uncommon for a 
pathologically enlarged thyroid gland to extend 
downward behind the sternum. A retrosternal goi¬ 
ter (any abnormal enlargement of the thyroid 
gland) may compress the trachea and cause dan¬ 
gerous dyspnea; it may also cause severe venous 
compression. 

It should be remembered that the two main ar¬ 
teries supplying the thyroid gland are closely re¬ 
lated to important nerves that may be damaged 


during thyroidectomy operations. The superior thy¬ 
roid artery on each side is related to the external 
laryngeal nerve, which supplies the cricothyroid 
muscle. The terminal branches of the inferior thy¬ 
roid artery on each side are related to the recurrent 
laryngeal nerve. Damage to the external laryngeal 
nerve results in an inability to tense the vocal folds 
and in hoarseness. For the results of damage to the 
recurrent laryngeal nerve, see page 910. 

The parathyroid glands are usually four in num¬ 
ber and are closely related to the posterior surface 
of the thyroid gland. In partial thyroidectomy op¬ 
erations the posterior part of the thyroid gland is 
left undisturbed, so that the parathyroid glands are 
not damaged. The development of the inferior 
parathyroid glands is closely associated with the 
thvmus. For this reason it is not uncommon for the 
surgeon to find the inferior parathyroid glands in 
the superior mediastinum because they have been 
pulled down into the thorax by the thymus. 

As elsewhere in the body, a knowledge of the 
lymphatic drainage of an organ or region is of great 
clinical importance. Examination of a patient may 
reveal an enlarged lvmph node. It is the physician’s 
responsibility to determine the cause and be 
knowledgeable about the area of the body that 
drains its lvmph into a particular node. For exam¬ 
ple, an enlarged submandibular node may be 
caused by a pathological condition in the scalp, the 
face, the maxillary sinus, or the tongue. An infected 
tooth of the upper or lower jaw may be responsible. 
Often a physician has to search systematically the 
various areas known to drain into a node to dis¬ 
cover the cause. 

Lymph nodes in the neck should be examined 
from behind the patient. The examination is made 
easier by asking the patient to flex the neck slightly 
to reduce the tension of the muscles. The groups of 
nodes should be examined in a definite order to 
avoid omitting any. 

Following the identification of enlarged lymph 
nodes, possible sites of infection or neoplastic 
growth should be examined, including the face, 
scalp, tongue, mouth, tonsil, and pharynx. 

In the head and neck, all the lymph ultimately 
drains into the deep cervical group of nodes. Sec¬ 
ondary carcinomatous deposits in these nodes are 
very common. The primary growth may be easy to 
find. On the other hand, there are certain anatom- 
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ical sites where the primary growth may be small 
and overlooked; for example, in the larynx, the 
pharynx, the cervical part of the esophagus, and 
the external auditory meatus. The bronchi, breast, 
and stomach are sometimes the site of the primary 
tumor. In these cases the secondary growth has 
spread far beyond the local lymph nodes. 

When there are cervical metastases, the surgeon 
usually decides to perform a block dissection of the 
cervical nodes . This procedure involves the removal 
en bloc of the internal jugular vein, the fascia, the 
lymph nodes, and the submandibular salivary 
gland. The aim of the operation is removal of all 
the lymphatic tissues on the affected side of the 
neck. The carotid arteries and the vagus nerve are 
carefully preserved. It is often necessary to sacrifice 
the hypoglossal and vagus nerves, which may be 
involved in the cancerous deposits. In patients with 
bilateral spread, a bilateral block dissection maybe 
necessary. An interval of 3 to 4 weeks is necessary 
before removing the second internal jugular vein. 

The phrenic nerve , which arises from the anterior 
rami of the third, fourth, and fifth cervical nerves, 
is of considerable clinical importance, for it is the 
sole nerve supply to the muscle of the diaphragm. 
(See p. 734.) Each phrenic nerve supplies the cor¬ 
responding half of the diaphragm, and the nerve is 
often cut or crushed in the neck to paralyze the 
diaphragm and immobilize the lung in patients 
with lung tuberculosis. The paralyzed half of the 
diaphragm relaxes and is pushed up-into the thorax 
by the positive abdominal pressure. It is mainly the 
lower lobe of the lung that is collapsed and rested 
by this procedure. 

In about one-third of persons there is an acces¬ 
sory phrenic nerve . The root from the fifth cervical 
nerve may be incorporated in the nerve to the sub- 
clavius and may join the main phrenic nerve trunk 
in the thorax. Clearly, in these patients the acces¬ 
sory phrenic nerve must also be severed if complete 
paralysis of the diaphragm on one side is to be 
achieved. 

The cervical part of the sympathetic trunk has 
been described on page 733. There are three cervi¬ 
cal ganglia; superior, middle, and inferior. The in¬ 
ferior ganglion is most commonly fused with the 
first thoracic sympathetic ganglion to form the 
stellate ganglion. 

The sympathetic innervation of the upper limb 
is as follows: The preganglionic fibers leave the 


spinal cord in the second to the eighth thoracic 
nerves. On reaching the sympathetic trunk via the 
white rami, they ascend within the trunk and are 
relayed in the second thoracic, stellate, and middle 
cervical ganglia. Postganglionic fibers then join the 
roots of the brachial plexus as gray rami. Sympa¬ 
thectomy of the upper limb is a relatively common 
procedure for the treatment of arterial insuffi¬ 
ciency. From this information it is clear that the 
stellate and the second thoracic ganglia should be 
removed to block the sympathetic pathway to the 
arm completely. , 

Unfortunately, the removal of the stellate gan¬ 
glion also removes the sympathetic nerve supply to 
the head and neck on that side. This not only pro¬ 
duces vasodilatation of the skin vessels but also an¬ 
hidrosis, nasal congestion, and Horner's syndrome. 
Horner’s syndrome comprises (1) constriction of 
the pupil, (2) drooping of the upper lid, and (3) 
enophthalmos. For this reason the stellate ganglion 
is usually left intact in sympathectomies of the up¬ 
per limb. 

Stellate ganglion block is performed by first pal¬ 
pating the large anterior tubercle (carotid tubercle) 
of the transverse process of the sixth cervical ver¬ 
tebra, which lies about a fingerbreadth lateral to 
the cricoid cartilage. The carotid sheath and the 
sternocleidomastoid muscle are pushed laterally 
and the needle of the anesthetic syringe is inserted 
through the skin over the tubercle. The local anes¬ 
thetic is then injected beneath the prevertebral 
layer of deep cervical fascia. This procedure will 
effectively block the ganglion and its rami com- 
municantes. 


Scalp 

The structure of the scalp is described on page 744. 
It is important to realize that the skin, the subcu¬ 
taneous tissue, and the epicranial aponeurosis are 
closely united to one another and are separated 
from the periosteum by loose areolar tissue. 

The skin of the scalp possesses numerous seba¬ 
ceous glands, the ducts of which are prone to in¬ 
fection and damage by combs. For this reason, se¬ 
baceous cysts of the scalp are common. 

The scalp has a profuse blood supply to nourish 
the hair follicles. Even a small laceration of the 
scalp may cause a severe loss of blood. It is often 
difficult to stop the bleeding of a scalp wound be- 
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cause the arterial walls are attached to fibrous 
septa in the subcutaneous tissue and are unable to 
contract or retract to allow blood clotting to take 
place. Local pressure applied to the scalp is the 
only satisfactory method of stopping the bleeding. 

In automobile accidents it is quite common for 
large areas of the scalp to be cut off the head as a 
person is projected forward through the wind¬ 
shield. Because of the profuse blood supply, it is 
often possible to replace large areas of scalp that 
are only hanging to the skull by a narrow pedicle. 
Suture them in place, and necrosis will not occur. 

The tension of the epicranial aponeurosis, pro¬ 
duced by the tone of the occipitofrontalis muscles, 
is important in all deep wounds of the scalp. If the 
aponeurosis has been divided, the wound will gape 
open. For satisfactory healing to take place, the 
opening in the aponeurosis must be closed with su¬ 
tures. 

Often a wound caused by a blunt objects such as 
a baseball bat closely resembles an incised wound. 
This is because the scalp is split against the un¬ 
yielding skull, and the pull of the occipitofrontalis 
muscles causes a gaping wound. This anatomical 
fact may be of considerable forensic importance. 

Infections of the scalp tend to remain localized 
and are usually painful. This is due to the abun¬ 
dant fibrous tissue in the subcutaneous layer. 

Occasionally an infection of the scalp spreads by 
the emissary veins, which are valveless, to the skull 
bones, causing osteomyelitis. Infected blood in the 
diploic veins may travel by the emissary veins far¬ 
ther into the venous sinuses and produce venous 
sinus thrombosis. 

Blood or puss may collect in the potential space 
beneath the epicranial aponeurosis. It tends to 
spread over the calvaria, being limited in front by 
the orbital margin, behind by the nuchal lines, and 
laterally by the temporal lines. On the other hand, 
subperiosteal blood or pus is limited to one bone 
due to the attachment of the periosteum to the su¬ 
tural ligaments. 


Face ____ 

The facial skin receives its sensory nerve supply 
from the three divisions of the trigeminal nerve. Re¬ 
member that a small area of skin over the angle of 
the jaw is supplied by the great auricular nerve (C2 
and 3). Trigeminal neuralgia is a relatively com¬ 


mon condition, in which the patient experiences 
excruciating pain in the distribution of the man¬ 
dibular or maxillary division, with the ophthalmic 
division usually escaping. A physician should be 
able to map out accurately on a patient’s face the 
distribution of each of the divisions of the tri¬ 
geminal nerve. 

The facial muscles are innervated by the facial 
nerve. Damage to the facial nerve in the internal 
acoustic meatus (by a tumor), in the middle ear 
(by infection or operation), in the facial nerve canal 
(perineuritis, Bell’s palsy), or in the parotid gland 
(by a tumor) or due to lacerations of the face will 
cause distortion of the face, with drooping of the 
lower eyelid, and the angle of the mouth will sag 
on the affected side. This is essentially a lower mo¬ 
tor neuron lesion. An upper motor neuron lesion 
(involvement of the pyramidal tracts) will leave the 
upper part of the face normal, since the neurons 
supplying this part of the face receive corticobulbar 
fibers from both cerebral cortices. 

The blood supply to the skin of the face is pro¬ 
fuse, so that it is rare in plastic surgery for skin 
flaps to necrose in this region. The superficial tem¬ 
poral artery, as it crosses the zygomatic arch in 
front of the ear, and the facial artery, as it winds 
around the lower margin of the mandible level 
with the anterior border of the masseter, are com¬ 
monly used by the anesthetist to take the patient’s 
pulse. 

The area of facial skin bounded by the nose, the 
eye, and the upper lid is a potentially dangerous 
zone to have an infection. For example, a boil in 
this region may cause thrombosis of the facial vein, 
with spread of organisms through the inferior 
ophthalmic veins to the cavernous sinus. The re¬ 
sulting cavernous sinus thrombosis may be fatal 
unless adequately treated with antibiotics. 

The congenital anomalies of cleft lip and cleft 
palate have been described in detail on page 747. 

The parotid duct, which is a comparatively su¬ 
perficial structure on the face, may be damaged in 
injuries to the face, or may be inadvertently cut 
during surgical operations on the face. The duct is 
about 2 inches (5 cm) long and passes forward 
across the masseter about a fingerbreadth below 
the zygomatic arch. It then pierces the buccinator 
muscle, to enter the mouth opposite the upper sec¬ 
ond molar tooth. 

The parotid salivary gland consists essentially of 
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superfical and deep parts, and the important facial 
nerve lies in the interval between these parts. A be¬ 
nign parotid neoplasm rarely, if ever, causes facial 
palsy. A malignant tumor of the parotid is usually 
highly' invasive and quickly involves the facial 
nerve, causing unilateral facial paralysis. 

The parotid gland may become acutely inflamed 
as the result of retrograde bacterial infection from 
the mouth via the parotid duct. The gland may also 
become infected via the bloodstream, as in mumps. 
In both cases the gland is swollen; it is painful be¬ 
cause the fascial capsule derived from the investing 
layer of deep cervial fascia is strong and limits the 
swelling of the gland. The swollen glenoid process, 
which extends medially behind the temporoman¬ 
dibular joint, is responsible for the pain experi¬ 
enced in acute parotitis when eating. 

Frey’s syndrome is an interesting complication 
that sometimes develops following penetrating 
wounds of the parotid gland. When the patient 
eats, beads of perspiration appear on the skin cov¬ 
ering the parotid. This condition is due to damage 
to the auriculotemporal and great auricular nerves. 
During the process of healing, the parasympathetic 
secretomotor fibers in the auriculotemporal nerve 
grow out and join the distal end of the great au¬ 
ricular nerve. Eventually, these fibers reach the 
sweat glands in the facial skin. By this means, a 
stimulus intended for saliva production produces 
sweat secretion instead. 

The temporomandibular joint lies immediately 
in front of the external auditory meatus. Fortu¬ 
nately) the great strength of the lateral temporo¬ 
mandibular ligament prevents the head of the 
mandible from passing backward and fracturing 
the tympanic plate when a severe blow falls on the 
chin. 

The articular disc may become partially de¬ 
tached from the capsule, and this results in its 
movement becoming noisy and producing an au¬ 
dible click during movements at the joint. 

Dislocation of the temporomandibular joint 
sometimes occurs when the mandible is depressed. 
In this movement the head of the mandible and the 
articular disc both move forward until they reach 
the summit of the articular tubercle. In this posi¬ 
tion the joint is unstable, and a minor blow on the 
chin, or a sudden contraction of the lateral ptery¬ 
goid muscles, as in yawning, may be sufficient to 
pull the disc forward beyond the summit. In bilat¬ 


eral cases the mouth is fixed in an open position, 
and both heads of the mandible lie in front of the 
articular tubercles. Reduction of the dislocation is 
easily achieved by pressing the gloved thumbs 
downward on the lower molar teeth and pushing 
the jaw backward. The downward pressure over¬ 
comes the tension of the temporalis and masseter 
muscles, and the backward pressure overcomes the 
spasm of the lateral pterygoid muscles. 

A ‘'mandibular nerve block” is used to extract 
teeth from the lower jaw. With the patient’s mouth 
open, the anterior margin of the ramus of the man¬ 
dible is palpated, and the pterygomandibular lig¬ 
ament is felt. The syringe needle is inserted 
through the mucous membrane just lateral to the 
ligament, and the inferior alveolar nerve is infil¬ 
trated with a local anesthetic solution. 

The lingual nerve passes forward into the sub¬ 
mandibular region from the infratemporal fossa by 
running beneath the origin of the superior constric¬ 
tor muscle, which is attached to the posterior bor¬ 
der of the mylohyoid line on the mandible. Here, it 
is closely related to the last molar tooth and is lia¬ 
ble to be damaged in cases of clumsy extraction of 
an impacted third molar. It should be remembered 
that the lingual nerve supplies the mucous mem¬ 
brane covering the anterior two-thirds of the 
tongue and the floor of the mouth with ordinaiy 
sensation. It also supplies taste through the fibers 
derived from the chorda tympani. 

The submandibular salivary gland is a common 
site of calculus formation. This condition is rare in 
the other salivary glands. The presence of a tense 
swelling below the body of the mandible, which is 
greatest before or during a meal and is reduced in 
size or absent between meals, is diagnostic of the 
condition. Examination of the floor of the mouth 
will reveal absence of ejection of saliva from the 
orifice of the duct of the affected gland. Frequently, 
the stone can be palpated in the duct, which lies 
below the mucous membrane of the floor of the 
mouth. 

The submandibular lymph nodes are commonly 
enlarged as the result of a pathological condition of 
the scalp, face, maxillary sinus, or mouth cavity. 
One of the commonest causes of painful enlarge¬ 
ment of these nodes is acute infections of the teeth. 

The sublingual salivary gland , which lies be¬ 
neath the sublingual fold of the floor of the mouth, 
opens into the mouth by numerous small ducts. 
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Blockage of one of these ducts is believed to be the 
cause of cysts under the tongue. 


Skull 

The neonatal skull presents a number of anatomi¬ 
cal features that are clinically important. Palpation 
of the fontanelles enables the physician to deter¬ 
mine (1) the progress of growth in the surrounding 
bones; (2) the degree of hydration of the baby (e.g., 
if the fontanelles are depressed below the surface, 
the baby is dehydrated); and (3) the state of the 
intracranial pressure (a bulging fontanelle would 
indicate a raised intracranial pressure). 

Blood may be obtained from a baby or given to 
a baby by inserting a needle through the anterior 
fontanelle in the midline into the superior sagittal 
sinus. Samples of cerebrospinal fluid can be ob¬ 
tained by passing a long needle obliquely through 
the anterior fontanelle into the subarachnoid space 
or even into the lateral ventricle. 

Clinically, it is usually not possible to palpate the 
anterior fontanelle after 18 months, since the fron¬ 
tal and parietal bones have enlarged to close the 

gap- 

At birth, the tympanic membrane faces more 
downward and less laterally than in maturity; 
when examined with the otoscope it therefore lies 
more obliquely in the infant than in the adult. 

In the newborn infant, the mastoid process is not 
developed, and the facial nerve, as it emerges from 
the stylomastoid foramen, is very close to the sur¬ 
face. Thus it may be damaged by forceps in a dif¬ 
ficult delivery. 


Fractures of the Skull 

Fractures of the skull are very common in the 
adult, but much less so in the young child. In the 
infant skull, the bones are more resilient than in 
the adult skull, and they are separated by fibrous 
sutural ligaments. In the adult, the inner table of 
the skull is particularly brittle. Moreover, the su¬ 
tural ligaments begin to ossify during middle age. 

The type of fracture that occurs in the skull will 
depend on the age of the patient, the severity of the 
blow, and the area of skull receiving the trauma. 
The adult skull may be likened to an eggshell in 
that it possesses a certain limited resilience beyond 
which it splinters. A severe, localized blow will 


produce a local indentation, often accompanied by 
splintering of the bone. Blows to the vault often re¬ 
sult in a series of linear fractures, which radiate out 
through the thin areas of bone. The petrous parts 
of the temporal bones and the occipital crests 
strongly reinforce the base of the skull and tend to 
deflect linear fractures. 

In the young child, the skull may be likened to a 
table-tennis ball in that a localized blow produces 
a depression without splintering. This common 
type of circumscribed lesion is referred to as a 
“pond ” fracture. 

In fractures of the anterior cranial fossa, the crib¬ 
riform plate of the ethmoid bone may be damaged. 
This usually results in tearing of the overlying men¬ 
inges and underlying mucoperiosteum. The patient 
will have bleeding from the nose (epistaxis) and 
leakage of cerebrospinal fluid into the nose (cere¬ 
brospinal rhinorrhea). Fractures involving the or¬ 
bital plate of the frontal bone will result in hem¬ 
orrhage beneath the conjunctiva and into the 
orbital cavity, causing exophthalmos. The frontal 
air sinus may be involved with hemorrhage into the 
nose. 

Fractures of the middle cranial fossa are com¬ 
mon, since this is the weakest part of the base of 
the skull. Anatomically, this weakness is due to the 
presence of numerous foramina and canals in this 
region; the cavities of the middle ear and the 
sphenoidal air sinuses are particularly vulnerable. 
The leakage of cerebrospinal fluid and blood from 
the external auditory meatus is common. The sev¬ 
enth and eighth cranial nerves may be involved as 
they pass through the petrous part of the temporal 
bone. The third, fourth, and sixth cranial nerves 
may be damaged if the lateral wall of the cavern¬ 
ous sinus is torn. Blood and cerebrospinal fluid 
may leak into the sphenoidal air sinuses and then 
into the nose. 

In fractures of the posterior cranial fossa, blood 
may escape into the nape of the neck deep to the 
postvertebral muscles. Some days later, it tracks 
between the muscles and appears in the posterior 
triangle, close to the mastoid process. The mucous 
membrane of the roof of the nasopharynx may be 
torn, and blood may escape there. In fractures in¬ 
volving the jugular foramen, the ninth, tenth, and 
eleventh cranial nerves may be damaged. The 
strong bony walls of the hypoglossal canal usually 
protect the hypoglossal nerve from injury. 
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Fractures of Facial Bones 

Signs of fractures of the facial bones include de¬ 
formity, ocular displacement, or abnormal move¬ 
ment accompanied by crepitation and malocclu¬ 
sion of the teeth. Anesthesia or paresthesia of the 
facial skin will follow fracture of bones through 
which branches of the trigeminal nerve pass to the 
skin. 

Fractures of the nasal bones are very common. 
Although the majority are simple fractures and are 
reduced under local anesthesia, some are associ¬ 
ated with severe injuries to the nasal septum, 
which require careful treatment under general 
anesthesia. 

Fractures of the maxilla commonly result from a 
direct anteroposterior blow to the face. Malocclu¬ 
sion of the teeth, enophthalmos, and anesthesia of 
the cheek and upper lip are frequent physical find¬ 
ings. 

The zygoma or zygomatic arch may be fractured 
by a blow to the side of the face. Although it may 
occur as an isolated fracture, as from a blow from 
a clenched fist, it may be associated with multiple 
other fractures of the face, as often seen in auto¬ 
mobile accidents. 

Fractures of the mandible are the most common 
fractures of the face and they are usually bilateral. 
The neck, body, angle, symphysis, and ramus are 
sites of fracture, in decreasing order of frequency. 


Injuries of the Brain 

Injuries of the brain are produced by displacement 
and distortion of the neuronal tissues at the mo¬ 
ment of impact. The brain may be likened to a log 
soaked with water floating submerged in water. 
The brain is floating in the cerebrospinal fluid in 
the subarachnoid space and is capable of a certain 
amount of anteroposterior movement, which is 
limited by the attachment of the superior cerebral 
veins to the superior sagittal sinus. Lateral dis¬ 
placement of the brain is limited by the falx cere¬ 
bri. The tentorium cerebelli and the falx cerebelli 
also restrict displacement of the brain. 

It follows from these anatomical facts that blows 
on the front or back of the head lead to displace¬ 
ment of the brain, which may produce severe ce¬ 
rebral damage, stretching and distortion of the 
brain stem, and stretching and even tearing of the 


commissures of the brain. The terms concussion, 
contusion, and laceration are used clinically to de¬ 
scribe the degrees of brain injury. 

Blows on the side of the head produce less cere¬ 
bral displacement, and the injuries to the brain 
consequently tend to be less severe. 

Intracranial hemorrhage may result from 
trauma or cerebral vascular lesions. Four varieties 
will be considered here: (1) extradural, (2) sub¬ 
dural, (3) subarachnoid, and (4) cerebral. 

Extradural hemorrhage results from the injuries 
to the meningeal arteries or veins. The commonest 
artery to be damaged is the anterior division of the 
middle meningeal artery. A comparatively minor 
blow to the side of the head, resulting in fracture 
of the skull in the region of the anterior inferior 
portion of the parietal bone, may sever the artery. 
The arterial or venous injury is especially liable to 
occur if the artery and vein enter a bonv canal in 
this region. Bleeding occurs and strips up the men¬ 
ingeal layer of dura from the internal surface of the 
skull. The intracranial pressure rises, and the en¬ 
larging blood clot exerts local pressure on the un¬ 
derlying motor area in the precentral gyrus. Blood 
also passes outward through the fracture line, to 
form a soft swelling under the temporalis muscle. 

In order to stop the hemorrhage, the torn artery 
or vein must be ligated or plugged. The burr hole 
through the skull wall should be placed about 1 Vr, 
to IVz inches (3-4 cm) above the midpoint of the 
zygomatic arch. 

Subdural hemorrhage results from tearing of the 
superior cerebral veins at their point of entrance 
into the superior sagittal sinus. The cause is usually 
a blow on the front or the back of the head, causing 
excessive anteroposterior displacement of the brain 
within the skull. 

This condition, which is much more common 
than middle meningeal hemorrhage, can be pro¬ 
duced by a sudden minor blow. Once the vein is 
torn, blood under low pressure begins to accumu¬ 
late in the potential space between the dura and 
the arachnoid. In about half the cases the condition 
is bilateral. 

Acute and chronic forms of the clinical condition 
occur, depending on the speed of accumulation of 
fluid in the subdural space. For example, if the pa¬ 
tient starts to vomit, the venous pressure will rise 
as the result of a rise in the intrathoracic pressure. 
Under these circumstances the extradural blood 







Clinical Notes 


905 


clot will increase rapidly in size and produce acute 
symptoms. In the chronic form, over a course of 
several months, the small blood clot will attract 
fluid by osmosis, so that a hemorrhagic cyst is 
formed, which gradually expands and produces 
pressure symptoms. In both forms the blood clot 
must be removed through burr holes in the skull. 

Subarachnoid hemorrhage results from leakage 
or rupture of a congenital aneurysm on the cere¬ 
bral arterial circle or, less commonly, from an an¬ 
gioma. The symptoms, which are sudden in onset, 
will include severe headache, stiffness of the neck, 
and loss of consciousness. The diagnosis is estab¬ 
lished by withdrawing heavily blood-stained cere¬ 
brospinal fluid through a lumbar puncture. 

Cerebral hemorrhage is generally due to rupture 
of the thin-walled lenticulostriate artery, a branch 
of the middle cerebral artery. The hemorrhage in¬ 
volves the vital corticobulbar and corticospinal fi¬ 
bers in the internal capsule and produces hemiple¬ 
gia on the opposite side of the body. The patient 
immediately loses consciousness, and the paralysis 
is evident when consciousness is regained. 

Intracranial hemorrhage in the iifant may occur 
during birth and may result from excessive mold¬ 
ing of the head. Bleeding may occur from the ce¬ 
rebral veins or the venous sinuses. Excessive antero¬ 
posterior compression of the head often tears the 
anterior attachment of the falx cerebri from the 
tentorium cerebelli. Bleeding then takes place from 
the great cerebral veins, the straight sinus, or the 
inferior sagittal sinus. 


Cranial Nerves_ 

The systematic examination of the twelve cranial 
nerves is an important part of the examination of 
every neurological patient. It may reveal a lesion of 
a cranial nerve nucleus or its central connections, 
or it may show an interruption of the lower motor 
neurons. 

The olfactory nerve can be tested by applying 
substances with different odors to each nostril in 
turn. It should be remembered that food flavors 
depend on the sense of smell and not on the sense 
of taste. Fractures of the anterior cranial fossa or 
cerebral tumors of the frontal lobes may produce 
lesions of the olfactory nerves, with consequent loss 
of the sense of smell (anosmia). 

The optic nerve is evaluated by first asking the 


patient whether or not any changes in eyesight 
have been noted. The acuity of vision is then tested 
by using charts with lines of print of varying size. 
The retinas and optic discs should then be exam¬ 
ined with an ophthalmoscope. When examining 
the optic disc, it should be remembered that the 
intracranial subarachnoid space extends forward 
around the optic nerve to the back of the eyeball. 
The retinal artery and vein run in the optic nerve 
and cross the subarachnoid space of the nerve 
sheath a short distance behind the eyeball. A rise 
in cerebrospinal fluid pressure in the subarachnoid 
space will compress the thin walls of the retinal 
vein as it crosses the space. This will result in 
congestion of the retinal veins, edema of the retina, 
and bulging of the optic disc (papilledema). 

The visual fields should then be tested. The pa¬ 
tient is asked to gaze straight ahead at a fixed ob¬ 
ject with the eye under test, the opposite eye being 
covered. A small object is then moved in an arc 
around the periphery of the field of vision, and the 
patient is asked whether or not he can see the ob¬ 
ject. It is important not to miss loss or impairment 
of vision in the central area of the field (central sco¬ 
toma). 

Blindness in one-half of each visual field is called 
hemianopia. Lesions of the optic tract and optic ra¬ 
diation produce the same hemianopia for both 
eyes, i.e., homonymous hemianopia. Bitemporal 
hemianopia is a loss of the lateral halves of the 
fields of vision of both eyes (i.e., loss of function of 
medial half of both retinas.) This condition is most 
commonly produced by a tumor of the pituitary 
gland exerting pressure on the optic chiasma. 

The oculomotor, trochlear, and abducent nerves 
innervate the muscles that move the eyeball. The 
oculomotor nerve supplies all the orbital muscles 
except the superior oblique and the lateral rectus. 
It also supplies the levator palpebrae superioris and 
the smooth muscles concerned with accommoda¬ 
tion, namely, the sphincter pupillae and the ciliary 
muscle. The trochlear nerve supplies the superior 
oblique muscle, and the abducent nerve supplies 
the lateral rectus. 

To examine the ocular muscles, the patient’s 
head is fixed, and he is asked to move the eyes in 
turn to the left, to the right, upward, and down¬ 
ward, as far as possible in each direction. 

In complete third nerve paralysis the eye cannot 
be moved upward, downward, or inward. The eye 
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looks laterally (external strabismus) due to the ac¬ 
tivity of the lateral rectus and downward due to the 
activity of the superior oblique. The patient sees 
double (diplopia). There is drooping of the upper 
eyelid (ptosis) due to paralysis of the levator pal- 
pebrae superioris. The pupil is fixed and dilated 
due to the paralysis of the sphincter pupillae and 
the unopposed action of the dilator pupillae (sup¬ 
plied by the sympathetic). 

In fourth nerve paralysis the patient complains 
of double vision on looking straight downward. 
This is because the superior oblique is paralyzed, 
and the eye turns medially as well as downward. 

In sixth nerve paralysis the patient cannot turn 
the eyeball laterally. When looking straight ahead, 
the lateral rectus is paralyzed, and the unopposed 
medial rectus pulls the eyeball medially, causing 
internal strabismus. 

The trigeminal nerve has sensory and motor 
roots. The sensory root passes to the trigeminal 
ganglion, from which emerge the ophthalmic, 
maxillary, and mandibular divisions. The motor 
root joins the mandibular division. 

The sensory function may be tested by using cot¬ 
ton and a pin over each area of the face supplied 
by the divisions of the trigeminal nerve. In lesions 
of the ophthalmic division, the cornea will be in¬ 
sensitive to touch. 

The motor function may be tested by asking the 
patient to clench his teeth. The masseter and the 
temporalis muscles can be palpated and felt to 
contract. 

The facial nerve supplies the muscles of facial 
expression, supplies the anterior two-thirds of the 
tongue with taste fibers, and is secretomotor to the 
lacrimal, submandibular, and sublingual glands. 

The anatomical relationship of this nerve to 
other structures enables a physician to localize le¬ 
sions of the nerve accurately. If the sixth and sev¬ 
enth nerves are not functioning, this would suggest 
a lesion within the pons of the brain. If the eighth 
and seventh nerves are not functioning, this would 
suggest a lesion in the internal acoustic meatus. If 
the patient is excessively sensitive to sound in one 
ear, the lesion probably involves the nerve to the 
stapedius. Loss of taste over the anterior two-thirds 
of the tongue implies that the seventh nerve is 
damaged proximal to the point where it gives off 
the chorda tympani. 

To test the facial nerve, the patient is asked to 


show the teeth by separating the lips with the teeth 
clenched, and then to close the eyes. Taste on each 
half of the anterior two-thirds of the tongue can be 
tested with sugar, salt, vinegar, and quinine for the 
sweet, salt, sour, and bitter sensations. 

It should be remembered that the part of the fa¬ 
cial nerve nucleus that controls the muscles of the 
upper part of the face receives corticobulbar fibers 
from both cerebral cortices. Therefore, in patients 
with an upper motor neuron lesion, only the mus¬ 
cles of the lower part of the face will be paralyzed. 
However, in patients with a lower motor neuron 
lesion, all the muscles on the affected side of the 
face will be paralyzed. The lower eyelid will droop, 
and the angle of the mouth will sag. Tears will flow 
over the lower eyelid, and saliva will dribble from 
the corner of the mouth. The patient will be unable 
to close the eye and cannot expose the teeth fully 
on the affected side. 

The vestibulocochlear nerve innervates the utricle 
and saccule, which are sensitive to static changes 
in equilibrium; the semicircular canals, which are 
sensitive to changes in dynamic equilibrium; and 
the cochlea, which is sensitive to sound. 

Disturbances of vestibuar function include diz¬ 
ziness (vertigo) and nystagmus. The latter is an un¬ 
controllable pendular movement of the eyes. Dis¬ 
turbances of cochlear function reveal themselves as 
deafness and ringing in the ears (tinnitus). The pa¬ 
tient’s ability to hear a voice or a tuning fork should 
be tested, with each ear tested separately. 

The glossopharyngeal nerve supplies the stylo- 
pharyngeus muscle and sends secretomotor fibers 
to the parotid gland. Sensory fibers innervate the 
posterior one-third of the tongue. 

The integrity of this nerve may be evaluated by 
testing the patient’s sensation of taste on the pos¬ 
terior third of the tongue. 

The vagus nerve innervates many important or¬ 
gans, but the examination of this nerve depends 
upon testing the function of the branches to the 
pharynx, soft palate, and larynx. The pharyngeal 
reflex may be tested by touching the lateral wall of 
the pharynx with a spatula. This should immedi¬ 
ately cause the patient to gag, i.e., the pharyngeal 
muscles will contract. 

The innervation of the soft palate may be tested 
by asking the patient to say “ah.” Normally, the soft 
palate rises and the uvula moves backward in the 
midline. 
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All the muscles of the larynx are supplied by the 
recurrent laryngeal branch of the vagus, except the 
cricothyroid muscle, which is supplied by the ex¬ 
ternal laryngeal branch of the superior laryngeal 
branch of the vagus. Hoarseness or absence of the 
voice may occur. Laryngoscopic examination may 
reveal abductor paralysis. (See p. 910.) 

The accessory nerve supplies the sternocleido¬ 
mastoid and the trapezius muscles by means of its 
spinal part. The patient should be asked to rotate 
the head to one side against resistance, causing the 
sternocleidomastoid of the opposite side to come 
into action. Then the patient should be asked to 
shrug the shoulders, causing the trapezius muscles 
to come into action. 

The hypoglossal nerve supplies the muscles of the 
tongue. The patient is asked to put out the tongue, 
and if there is a lesion of the nerve, it will be noted 
that the tongue deviates toward the paralyzed side. 
This can be explained as follows. One of the ge- 
nioglossus muscles, which pull the tongue forward, 
is paralyzed on the affected side. The other, normal 
genioglossus muscle pulls the unaffected side of the 
tongue forward, leaving the paralyzed side of the 
tongue stationary. The result is the tip of the 
tongue’s deviation toward the paralyzed side. In 
patients with long-standing paralysis, the muscles 
on the affected side are wasted, and the tongue is 
wrinkled on that side. 


%e_ 

A nonpenetrating blow to the eye may cause her¬ 
niation of the orbital contents downward through 
a fracture in the bony orbital floor into the maxil¬ 
lary sinus. The infraorbital nerve may be damaged 
as it passes through the infraorbital canal. The ef¬ 
fect of lesions of the third, fourth, and sixth cranial 
nerves on movements of the eyeball are dealt with 
on page 905. Many cases of strabismus are nonpar¬ 
alytic and are due to an imbalance in the action of 
opposing muscles. This type of strabismus is 
known as concomitant strabismus and is common 
in infancy. 

The pupillary reflexes, i.e., the reaction of the 
pupils to light and accommodation, are dependent 
on the integrity of nervous pathways. In the direct 
light reflex, the normal pupil reflexly contracts 
when a light is shone into the patient’s eye. The 
nervous impulses pass from the retina along the 


optic nerve to the optic chiasma and then along the 
optic tract. Before reaching the lateral geniculate 
body, the fibers concerned with this reflex leave the 
tract and pass to the oculomotor nuclei on both 
sides via the pretectal nuclei. From the parasym¬ 
pathetic part of the nucleus, efferent fibers leave 
the midbrain in the oculomotor nerve and reach 
the ciliary ganglion via the nerve to the inferior 
oblique. Postganglionic fibers pass to the constric¬ 
tor pupillae muscles via the short ciliary nerves. 

The consensual light reflex is tested by shining 
the light in one eye and noting the contraction of 
the pupil in the opposite eye. This reflex is possible 
because the afferent pathway just described travels 
to the parasympathetic nuclei of both oculomotor 
nerves. 

The accommodation reflex is the contraction of 
the pupil that occurs when a person suddenly fo¬ 
cuses on a near object after having focused on a 
distant object. The nervous impulses pass from the 
retina via the optic nerve, the optic chiasma, the 
optic tract, the lateral geniculate body, the optic 
radiation, and the cerebral cortex of the occipital 
lobe of the brain. The efferent pathway passes to 
the parasympathetic nucleus of the oculomotor 
nerve. From there, the efferent impulses reach the 
constrictor pupillae via the oculomotor nerve, the 
ciliary ganglion, and the short ciliary nerves. 


Ear 

Otoscopic examination of the tympanic membrane 
is facilitated by first straightening the external au¬ 
ditory meatus by gently pulling the auricle upward 
and backward in the adult, and straight backward 
or backward and downward in the infant. Nor¬ 
mally, the tympanic membrane is pearly gray in 
color and concave. 

Pathogenic organisms may gain entrance to the 
tympanic cavity by ascending through the auditory 
tube from the nasal part of the pharynx. Acute in¬ 
fection of the tympanic cavity (otitis media ) pro¬ 
duces bulging and redness of the tympanic mem¬ 
brane. 

Inadequate treatment of otitis media may result 
in the spread of the infection into the mastoid an¬ 
trum and the mastoid air cells (acute mastoiditis). 
Acute mastoiditis may be followed by the further 
spread of the organisms beyond the confines of the 
middle ear. The meninges and the temporal lobe 
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of the brain lie superiorly. A spread of the infection 
in this direction could produce a meningitis and a 
cerebral abscess in the temporal lobe. Beyond the 
medial wall of the tympanic cavity lie the fecial 
nerve and the internal ear. A spread of the infection 
in this direction may cause a facial nerve palsy and 
labyrinthitis with vertigo. The posterior wall of the 
mastoid antrum is related to the sigmoid venous 
sinus. If the infection spreads in this direction, a 
thrombosis in the sigmoid sinus may well take 
place. These various complications emphasize the 
importance of knowing the anatomy of this region. 


Mouth 

The mouth is one of the important areas of the 
body that the physician is called upon to examine. 
Needless to say, he must be able to recognize all 
the structures visible in the mouth and be familiar 
with the normal variations in the color of the mu¬ 
cous membrane covering underlying structures. 
The sensory nerve supply and lymphatic drainage 
of the mouth cavity should be known. The close 
relation of the lingual nerve to the lower third mo¬ 
lar tooth should be remembered. The close relation 
of the submandibular duct to the floor of the 
mouth may enable one to palpate a calculus in 
cases of periodic swelling of the submandibular 
salivary gland. 


Laceration of the Tongue 

A wound of the tongue is often caused by a blow 
on the chin when the tongue is partly protruded 
from the mouth. It may also occur when a patient 
accidentally bites the tongue while eating, during 
recovery from an anesthetic, or during an epileptic 
attack. Bleeding is halted by grasping the tongue 
between the finger and thumb posterior to the lac¬ 
eration, thus occluding the branches of the lingual 
artery. 


Pharynx 

At the junction of the mouth with the oral part of 
the pharynx, and the nose with the nasal part of 
the pharynx, there are collections of lymphoid tis¬ 
sue of considerable clinical importance. The pala¬ 


tine tonsils and the nasopharyngeal tonsils are the 
most important. 

The palatine tonsils reach their maximum nor¬ 
mal size in early childhood. After puberty, together 
with other lymphoid tissues in the body, they grad¬ 
ually atrophy. The palatine tonsils are a common 
site of infection, producing the characteristic sore 
throat and pyrexia. The deep cervical lymph node 
situated below and behind the angle of the man¬ 
dible, which drains lymph from this organ, is usu¬ 
ally enlarged and tender. Recurrent attacks of ton¬ 
sillitis are best treated by tonsillectomy. Following 
tonsillectomy, the external palatine vein, which lies 
lateral to the tonsil, may be the source of trouble¬ 
some postoperative bleeding. 

A peritonsillar abscess (quinsy) is caused by 
spread of infection from the palatine tonsil to the 
loose connective tissue outside the capsule. 

The nasopharyngeal tonsil or pharyngeal tonsil, 
consists of a collection of lymphoid tissue beneath 
the epithelium of the roof of the nasal part of the 
pharynx. Like the palatine tonsil, it is largest in 
early childhood and starts to atrophy after puberty. 

Excessive hypertrophy of the lymphoid tissue, 
usually associated with infection, causes the pha¬ 
ryngeal tonsils to become enlarged; they are then 
commonly referred to as adenoids. Marked hyper¬ 
trophy blocks the posterior nasal openings and 
causes the patient to snore loudly at night and to 
breathe through the open mouth. The close rela¬ 
tionship of the infected lymphoid tissue to the au¬ 
ditory tube may be the cause of deafness and re¬ 
current otitis media. Adenoidectomy is the 
treatment of choice in cases of hypertrophied ade¬ 
noids with infection. 

The nasal part of the pharynx may be viewed 
clinically by a mirror passed through the mouth 
(Fig. 11-62). 

The piriform fossa is a recess of mucous mem¬ 
brane situated on either side of the entrance of the 
larynx. It is bounded medially by the aryepiglottic 
folds and laterally by the thyroid cartilage. Clini¬ 
cally it is important, since it is a common site for 
the lodging of sharp ingested bodies such as fish 
bones. The presence of such a foreign body imme¬ 
diately causes the patient to gag violently. Once the 
object has become jammed, it is difficult for the 
patient to remove it without a physician’s assis¬ 
tance. 
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Pharyngeal Pouch 

An examination of the lower part of the posterior 
surface of the inferior constrictor muscle reveals a 
potential gap between the upper oblique and the 
lower horizontal fibers (cricophatyngeus). This area 
is marked by a dimple in the lining mucous mem¬ 
brane. It is believed that the function of the crico- 
pharyngeus is to prevent the entry of air into the 
esophagus. Should the cricopharyngeus fail to relax 
during swallowing, the internal pharyngeal pres¬ 
sure may rise and force the mucosa and submu¬ 
cosa of the dimple posteriorly, to produce a diver¬ 
ticulum. Once the diverticulum has been formed, 
it may gradually enlarge and fill with food with 
each meal. Unable to expand posteriorly because of 
the vertebral column, it turns downward, usually 
on the left side. The presence of the pouch filled 
with food causes difficulty in swallowing (dys¬ 
phagia). 


Nose 

The walls of the nasal cavity have been fully de¬ 
scribed on page 853. Fractures involving the nasal 
bones are very common. Blows directed from the 
front may cause one or both nasal bones to be dis¬ 
placed downward and inward. Lateral fractures 
also occur in which one nasal bone is driven in¬ 
ward and the other outward; the nasal septum is 
usually involved. 

Infection of the nasal cavity can spread in a num¬ 
ber of directions. The paranasal sinuses are espe¬ 
cially prone to infection. Organisms may spread via 
the nasal part of the pharynx and the auditory tube 
to the middle ear. It is possible for organisms to 
ascend to the meninges of the anterior cranial 
fossa, along the sheaths of the olfactory nerves 
through the cribriform plate, and produce menin- 
gitis. 

Foreign bodies in the nose are common in chil¬ 
dren. The presence of the nasal septum and the ex¬ 
istence of the folded, shelflike conchae make im¬ 
paction and retention of balloons, peas, and small 
toys relatively easy. 

Epistaxis, or bleeding from the nose, is a fre¬ 
quent condition. The most common cause is nose¬ 
picking. The bleeding may be arterial or venous, 
and the majority of episodes occur on the antero¬ 


inferior portion of the septum and involve the sep¬ 
tal branches of the sphenopalatine and facial ves¬ 
sels. 

Examina tion of the nasal cavity may be carried 
out by inserting a speculum through the external 
nares or by means of a mirror in the pharynx. In 
the latter case the choanae and the posterior border 
of the septum can be visualized (Fig. 11-62). 

It should be remembered that the nasal septum 
is rarely situated in the midline. A severely deviated 
septum may interfere with drainage of the nose 
and the paranasal sinuses. 


Paranasal Sinuses 

Infection of the paranasal sinuses is a common 
complication of nasal infections. Rarely, the cause 
of maxillary sinusitis is extension from an apical 
dental abscess. The frontal, ethmoidal, and maxil¬ 
lary sinuses may be palpated clinically for areas of 
tenderness. The frontal sinus may be examined by 
pressing the finger upward beneath the medial end 
of the superior orbital margin. It is here that the 
floor of the frontal sinus is closest to the surface. 

The ethmoidal sinuses can be palpated by press¬ 
ing the finger medially against the medial wall of 
the orbit. The maxillary sinus can be examined for 
tenderness by pressing the finger against the ante¬ 
rior wall of the maxilla below the inferior orbital 
margin; pressure over the infraorbital nerve may 
reveal increased sensitivity. 

Directing the beam of a flashlight either through 
the roof of the mouth or through the cheek in a 
darkened room will often enable a physician to de¬ 
termine whether or not the maxillary sinus is full 
of inflammatory fluid rather than air. This method 
of transillumination is simple and effective. Ra¬ 
diological examination of the sinuses is also most 
helpful in making a diagnosis. One should always 
compare the clinical findings of each sinus on the 
two sides of the body. 

The frontal sinus is innervated by the supraor¬ 
bital nerve, which also supplies the skin of the fore¬ 
head and scalp as far back as the vertex. It is there¬ 
fore not surprising that patients with frontal 
sinusitis have pain referred over this area. The 
maxillary sinus is innervated by the infraorbital 
nerve and, in this case, pain is referred to the upper 
jaw, including the teeth. 
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The frontal sinus drains into the hiatus semilu¬ 
naris, via the infundibulum, close to the orifice of 
the maxillary sinus on the lateral wall of the nose. 
It is thus not unexpected to find that a patient with 
frontal sinusitis nearly always has a maxillary si¬ 
nusitis. The maxillary sinus is particularly prone to 
infection, since its drainage orifice through the hia¬ 
tus semilunaris is badly placed near the roof of the 
sinus. In other words, the sinus has to fill up with 
fluid before it can effectively drain with the person 
in the upright position. The relation of the apices 
of the roots of the teeth in the maxilla to the floor 
of the maxillary sinus has already been empha¬ 
sized. 


Laiynx 

The muscles of the larynx are innervated by the re¬ 
current laryngeal nerves, with the exception of the 
cricothryoid muscle, which is supplied by the ex¬ 
ternal laryngeal nerve. Both these nerves are vul¬ 
nerable during operations on the thyroid gland be¬ 
cause of the close relationship between them and 
the arteries of the gland. The left recurrent laryn¬ 
geal nerve may be involved in a bronchial or esoph¬ 
ageal carcinoma or in secondary metastatic depos¬ 
its in the mediastinal lymph nodes. The right and 
left recurrent laryngeal nerves may be damaged by 
malignant involvement of the deep cervical lymph 
nodes. 

Section of the external laryngeal nerve produces 
weakness of the voice, since the vocal fold cannot 
be tensed. The cricothyroid muscle is paralyzed. 

Unilateral complete section of the recurrent la¬ 
ryngeal nerve results in the vocal fold on the af¬ 
fected side assuming the position midway between 
abduction and adduction. It lies just lateral to the 
midline. Speech is not greatly affected, since the 
other vocal fold compensates to some extent and 
moves toward the affected vocal fold. 

Bilateral complete section of the recurrent laryn¬ 
geal nerve results in both vocal folds assuming the 
position midway between abduction and adduc¬ 
tion. Breathing is impaired, since the rima glottidis 
is partially closed and speech is lost. 

Unilateral partied section of the recurrent laryn¬ 
geal nerve results in a greater degree of paralysis of 
the abductor muscles than of the adductor mus¬ 
cles. The affected vocal fold assumes the adducted 


midline position. This phenomenon has not been 
explained satisfactorily. It must be assumed that 
the abductor muscles receive a greater number of 
nerves than the adductor muscles, and thus partial 
damage of the recurrent laryngeal nerve results in 
damage to relatively more nerve fibers to the ab¬ 
ductor muscles. Another possibility is that the 
nerve fibers to the abductor muscles are traveling 
in a more exposed position in the recurrent laryn¬ 
geal nerve and are therefore more prone to be dam¬ 
aged. 

Bilateral partial section of the recurrent laryngeal 
nerve results in bilateral paralysis of the abductor 
muscles and the drawing together of the vocal 
folds. Acute breathlessness (dyspnea) and stridor 
follow, and tracheotomy is necessary. 

The mucous membrane of the larynx is loosely 
attached to the underlying structures by submu¬ 
cous connective tissue. In the region of the vocal 
folds, however, the mucous membrane is firmly at¬ 
tached to the vocal ligaments. This fact is of clini¬ 
cal importance in cases of edema of the larynx. The 
accumulation of tissue fluid causes the mucous 
membrane above the rima glottidis to swell and 
encroach on the airway. In very severe cases a tra¬ 
cheotomy may be necessary. 

The interior of the larynx may be inspected in¬ 
directly through a laryngeal mirror passed through 
the open mouth into the oral pharynx. A more sat¬ 
isfactory method is the direct method using the la¬ 
ryngoscope. The neck is brought forward on a pil¬ 
low and the head is fully extended at the atlanto- 
occipital joint. The illuminated instrument can 
then be introduced into the larynx over the back of 
the tongue. The valleculae, the piriform fossae, the 
epiglottis, and the aryepiglottic folds are clearly 
seen. The two elevations produced by the cornicu- 
late and cuneiform cartilages can be recognized. 
Within the larynx, the vestibular folds and the vocal 
folds can be seen. The former are fixed, widely sep¬ 
arated, and reddish in color; the latter move with 
respiration and are white in color. With quiet 
breathing, the rima glottidis is triangular in shape, 
with the apex in front. With deep inspiration, the 
rima glottidis assumes a diamond shape due to the 
lateral rotation of the arytenoid cartilages. 

If the patient is asked to breathe deeply, the vocal 
folds become widely abducted, and the inside of 
the trachea can be seen. 
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CLINICAL PROBLEMS 

1. An 8-year-old girl was examined by a pediatri¬ 
cian and found to have a painless, superficial, 
fluctuant swelling below and behind the angle 
of the jaw on the right side. The skin over the 
swelling was cool to touch and showed no red¬ 
ness. Careful palpation of the neck revealed two 
tender, firm lumps matted together beneath 
the anterior border of the sternocleidomastoid 
on the right side. The left side of the neck was 
normal. Examination of the palatine tonsils 
showed moderate hypertrophy on both sides, 
and a few pustules caused by pus exuding from 
the tonsillar crypts on the right side. In the ab¬ 
sence of signs of acute infection, a diagno¬ 
sis of tuberculous cervical lymphadenitis was 
made. Using your knowledge of anatomy, name 
the group of lymph nodes involved in the dis¬ 
ease. What anatomical structures would tend 
to limit the spread of this disease in the neck? 
Since the lymph node showing the most ad¬ 
vanced stage of the disease was situated below 
and behind the mandible, which organ in the 
oral part of the pharynx was most likely to have 
served as the portal of entry to the tubercle ba¬ 
cilli? 

2. A 25-year-old woman visited her physician 
complaining of a swelling on the front of her 
neck and breathlessness. On examination, a 
small, solitary swelling of firm consistency was 
found to the left of the midline of the neck. The 
swelling was not attached to the skin, but 
moved upward on swallowing. On careful pal¬ 
pation, it was found to be continuous with the 
lower pole of the left lobe of the thyroid gland. 
A diagnosis of adenoma of the thyroid gland 
was made. From your knowledge of anatomy, 
explain why the tumor moved upward when 
the patient swallowed. What structure in the 
neck was being pressed upon by the adenoma 
to cause breathlessness? Which lymph nodes 
would you examine for metastases if you sus¬ 
pected a malignant tumor? 

3. A 10-year-old boy was taken to a pediatrician 
because his parents had noticed that he held his 
head inclined to one side. On examination, the 
cervical part of the vertebral column was found 
to be held in a position of slight flexion. 


Answers on page 975 

The anterior border of the sternocleidomastoid 
muscle on the right side was more prominent 
than on the left side - , the right ear was held 
nearer the shoulder on the right side than nor¬ 
mal; and the boy tended to hold his head in¬ 
clined so that he looked upward to the left. A 
diagnosis of congenital torticollis was made. 
Which muscle is responsible for this condition? 

4. A young, enthusiastic surgeon decided to incise 
an abscess situated in the middle of the poste¬ 
rior triangle of the neck on the right side. On 
making the incision, he found that the interior 
of the abscess was extensive, and he felt that he 
should explore more deeply. On recovering 
from the operation, the patient thanked the 
surgeon profusely for ridding her of the ab¬ 
scess, which had healed up nicely. There was 
one thing, however, that she could not under¬ 
stand. She could no longer raise her right hand 
above her head to brush her hair. Using your 
knowledge of anatomy, explain this patient’s 
disability. 

5. A 65-year-old man was examined by his physi¬ 
cian and found to have right-sided heart fail¬ 
ure. As the patient lay propped up on pillows 
in bed, his physician noticed that the blood in 
the external jugular veins could be easily seen, 
rising nearly as high as the angle of the man¬ 
dible. What is the significance of the blood level 
in the external jugular vein? What is the surface 
marking of this vein? Into what does the exter¬ 
nal jugular vein drain? 

6. A 70-year-old man visited his physician com¬ 
plaining of a small swelling below his chin. On 
examination, a single small, hard swelling 
could be palpated in the submental triangle. It 
was mobile on the deep tissues and not teth¬ 
ered to the skin. A diagnosis of a malignant sec¬ 
ondary deposit in a submental lymph node was 
made. Where would you look for the primary 
carcinoma? Where do the submental lymph 
nodes drain? 

7. A physician commonly uses an electrocardio¬ 
gram to evaluate patients with cardiac disease. 
In patients suspected of arrhythmias, the ca¬ 
rotid sinus is often pressed upon while the elec¬ 
trocardiogram is being taken. Unilateral pres- 
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sure on the carotid sinus is sometimes used to 
stop ventricular tachycardia of atrial origin. Us¬ 
ing your knowledge of anatomy, explain how 
pressure on the carotid sinus can influence the 
heart. 

8. A 45-vear-old man was referred to a surgeon 
because of a pigmented skin lesion in the right 
temporal region. A diagnosis of malignant mel¬ 
anoma had been made. The surgeon explained 
to the patient the seriousness of the condition. 
Although there were no secondary metastases 
in the regional lymph nodes, it was decided to 
perform a block dissection of the lymph nodes 
on the right side of the neck and to remove the 
internal jugular vein on that side as well. Which 
group of lymph nodes receives the lymph from 
the skin of the right temporal region? Why is it 
necessary to remove the internal jugular vein 
when performing a block dissection of the deep 
cervical lymph nodes? Which important nerves 
are related to the deep cervical lymph nodes 
and may have to be sacrificed in a block dissec¬ 
tion of the neck? 

9. A 35-year-old woman has a partial thyroidec¬ 
tomy for the treatment of thyrotoxicosis. Dur¬ 
ing the operation a ligature slipped off the right 
superior thyroid artery. In order to stop the 
hemorrhage, the surgeon blindly grabbed for 
the artery with artery forceps. The operation 
was completed without further incident. The 
next morning the surgeon noticed that the pa¬ 
tient spoke with a husky voice. Using your 
knowledge of anatomy, state what is likely to 
have happened to the patient. What is the con¬ 
dition of the right vocal fold? Where does the 
superior thryoid artery originate? Into what 
vessel does the superior thvroid vein drain? 

10. Following a total thyroidectomy for carcinoma 
of the thvroid gland, a 55-vear-old male patient 
noticed tingling and numbness of the fingers, 
toes, and lips. Painful cramp of the hands 
and feet was also experienced. Strong muscle 
spasms producing adduction of the thumb, 
flexion of the wrist and metacarpophalangeal 
joints, extension of the phalangeal joints, and 
plantar flexion of the feet also occurred. Labo¬ 
ratory examination of the blood revealed a 
blood calcium level of 4 mg per 100 ml. Which 
organ was damaged during the total thyroidec¬ 
tomy? 


11. A 55-year-old woman visited her physician 
complaining of difficulty in swallowing. She 
stated that she had first noticed the condition 3 
months previously and that it had become pro¬ 
gressively worse. She now found it difficult to 
swallow milk puddings. During the last month 
she had lost 28 pounds. On questioning, the pa¬ 
tient said she felt the obstruction was at the 
root of the neck (i.e., just above the upper bor¬ 
der of the manubrium sterni). On examination 
of the neck, a hard, fixed lump was felt deep to 
the anterior,border of the right sternocleido¬ 
mastoid muscle. The lump was considered to 
be a deep cervical lymph node, which was en¬ 
larged due to a secondary carcinomatous de¬ 
posit. From the history, and using your anatom¬ 
ical knowledge, make your diagnosis. 

12. A 53-year-old woman visited her physician be¬ 
cause of a dull, aching pain in the forearm on 
the left side. The discomfort was made worse 
by exercising the arm, especially in the elevated 
position. The pain was relieved by rest. She no¬ 
ticed that her left hand was sometimes colder 
than the one on the right, and when held above 
the head, became white. When the left arm was 
held by the side for any length of time, the hand 
became blue, especially in cold weather. On ex¬ 
amination, the radial pulse was found to be ab¬ 
sent on the left and normal on the right. The 
brachial arterial pulse was weak on the left, but 
normal on the right. The pulsations of the sub¬ 
clavian arteries were normal on both sides of 
the neck. It was possible to produce the color 
changes described by the patient by suitable 
positioning of the left arm. Using your knowl¬ 
edge of anatomy, state what possible structure 
or structures in the neck could produce these 
signs and symptoms. 

13. A 65-year-old woman visited her physician be¬ 
cause she had noticed a painful swelling behind 
her right ear. She had first noticed the swelling 
4 days previously, and since that time it had 
progressively enlarged. On examination, three 
discrete, tender swellings were found over the 
right mastoid process. They were not attached 
to the bone and were not tethered to the skin. 
The swellings did not fluctuate, but the skin 
over them was redder and warmer than nor¬ 
mal. The patient was wearing a new Easter hat 
and was disinclined to remove it. The over- 
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worked physician assumed that the lymph 
nodes were enlarged because of infection, but 
he was unable to determine the site of entry of 
the organisms from his cursory examination. 
He prescribed a wide-spectrum antibiotic and 
told the patient to return in a week. Comment 
on the treatment of this patient. 

14. A 46-year-old man was seen in the emergency 
room after being knocked down in a street 
brawl. He had received a blow on the head with 
an empty bottle. On examination, the patient 
was found to be conscious and had a large 
doughlike swelling over the back of the head. 
The skin was intact, and the swelling fluc¬ 
tuated on palpation. No other abnormal signs 
were present. A diagnosis of hematoma of the 
scalp was made. The patient was sent to the 
radiology department for routine antero-poste- 
rior and lateral radiographs of the skull. Name 
the layer of the scalp in which the blood clot 
was situated (a) if the swelling was extensive, 
but did not pass inferiorly beyond the temporal 
lines laterally, the orbital margin in front, and 
the nuchal lines behind; (b) if the swelling was 
limited to the area occupied by an underlying 
skull bone; and (c) if the swelling was small, 
superficial, and with no fluctuation. Why was 
it necessary to X-ray the skull? 

15. A 26-year-old man was admitted to the hospital 
as an emergency case. He had a severe infection 
of the scalp. Why are such infections potentially 
dangerous? 

16. A 16-year-old boy fell off his bicycle and cut his 
scalp. The wound was less than Vi inch (1.3 
cm) long, and within a few moments he was 
sitting in a pool of blood. Why does the scalp 
bleed so profusely from a small wound? Why 
does a deep wound of the scalp always require 
sutures? 

17. A 17-year-old girl visited her dermatologist be¬ 
cause of severe acne of the face. On examina¬ 
tion, it was found that a small abscess was 
present on the side of the nose. The patient was 
given antibiotics and warned not to press the 
abscess. Why is it dangerous to squeeze, prick, 
or incise a boil in the area between the eye and 
the upper lip or between the eye and the side of 
the nose? 

18. A 7-year-old boy was suffering from a severe 
infection of the right middle ear (otitis media). 


Within the course of a week, the infection had 
spread to the mastoid antrum and the mastoid 
air cells (mastoiditis). The organisms did not 
respond to antibiotics, so the surgeon decided 
to perform a radical mastoid operation. Fol¬ 
lowing the operation it was noticed that the 
boy’s face was distorted. The mouth was drawn 
upward to the left, and he was unable to close 
his right eye. Saliva tended to accumulate in his 
right cheek and dribble from the corner of his 
mouth. What structure had been damaged dur¬ 
ing the operation? 

19. A 70-year-old man who was suffering from hy¬ 
pertension suddenly collapsed, with hemor¬ 
rhage into the corticospinal and corticobulbar 
fibers (upper motor neurons) on the right side. 
On recovering consciousness, he was found to 
be paralyzed on the left side of his body. What 
facial changes would you expect to find in this 
patient? 

20. A 43-year-old woman visited her physician 
complaining of severe intermittent pain of 
short duration on the right side of her face. The 
pain was precipitated by brushing the teeth or 
drinking cold fluids. On examination, no ab¬ 
normal physical signs were found. When asked 
to point out on her face the area where the pain 
was experienced, the patient mapped out the 
skin area innervated by the mandibular divi¬ 
sion of the trigeminal nerve. A diagnosis of tri¬ 
geminal neuralgia was made. Which area of fa¬ 
cial skin is innervated by the mandibular 
division of the trigeminal nerve? Which area of 
facial skin is not innervated by the trigeminal 
nerve? 

21. A 60-year-old woman visited her physician with 
a swelling over the parotid gland on the right 
side. She stated that she had first noticed the 
swelling 3 months previously, and since that 
time it had rapidly increased in size. Recently 
she had noticed that the right side of her face 
“felt weak,” and she could no longer whistle for 
her dog. On examination, a hard swelling 
deeply attached to the parotid gland was 
found. On testing the facial muscles, it was 
found that the muscles on the right side were 
weaker than those on the left side. What is the 
connection between the parotid swelling and 
the right-sided facial weakness? Where does the 
parotid duct open into the mouth? 
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22. A 10-year-old boy was playing darts with his 
brother. He bent down to pick up a fallen dart 
when another dart fell from the dart board and 
hit him on the side of the face. The dart pene¬ 
trated the side of the face and entered the pa¬ 
rotid gland. The small wound healed well, 
without infection. Six months later the boy’s 
mother noticed that just before mealtimes the 
boy began to sweat profusely on the facial skin 
close to the old dart wound. What is wrong 
with this patient? 

23. An exhausted medical student decided to brush 
up his gross anatomy by attending a lecture 
given by an old and revered visiting professor. 
After 45 minutes the lecture began to bore him, 
and his mind began to wander. He could not 
forget the attractive brunette nurse in the sur¬ 
gical clinic whom he had dated the previous 
evening. After 5 more minutes he found he just 
could not keep his eyes open. When would this 
lecture end? Just then, he involuntarily opened 
his mouth wide and yawned. To his great con¬ 
sternation he could not close his mouth. His 
jaw was stuck. What is your diagnosis? 

24. A 35-year-old man was struck a blow on the 
lower jaw with a fist. He was seen in the emer¬ 
gency room with blood-stained saliva trickling 
from the mouth and obvious difficulty in talk¬ 
ing and swallowing. On examination, the teeth 
of the lower jaw were found to be no longer in 
correct alignment. What is your diagnosis? 

25. A radiograph of a patient’s mouth revealed a 
stone in the right submandibular duct. Where 
is it possible to palpate the submandibular 
duct? Where does the duct open into the 
mouth? Where is the lumen of the submandib¬ 
ular duct narrowest? 

26. A 6-month-old infant is suspected of having 
a raised intracranial pressure. What simple 
method of physical examination would verify 
this? 

27. While playing baseball, a player was struck on 
the right side of the head with the ball. The 
player fell to the ground, but did not lose con¬ 
sciousness. After resting for an hour and then 
getting up, he was seen to be confused and ir¬ 
ritable. Later, he staggered and fell to the floor. 
On questioning, he was seen to be drowsy, and 
twitching of the lower left half of his face and 
left arm was noted. A diagnosis of extradural 


hemorrhage was made. Which artery is likely 
to have been damaged? What is responsible for 
the drowsiness and muscle twitching? 

28. Following an automobile accident, a patient 
was found to have an internal (medial) strabis¬ 
mus of the right eye. Which cranial nerve was 
damaged? Which muscle was paralyzed? 

29. On examination, a patient is found to have 
a bitemporal hemianopia. An enlargement of 
which anatomical structure is likely to cause 
this condition? 

30. A patient is suspected of having a lesion of the 
glossopharyngeal nerve. How would you test 
the integrity of this cranial nerve? 

31. A 25-year-old woman was found to be suffering 
from thyrotoxicosis. Not only was she com¬ 
plaining of nervousness, excessive sweating, 
and loss of weight, but she also had bilateral 
exophthalmos. What anatomical structures are 
believed to be responsible for the exophthal¬ 
mos? 

32. A patient comes to you complaining of a for¬ 
eign body in the eye. The foreign body has been 
in the conjunctival sac for several hours, and 
the patient has failed to remove it. Where 
would you look for a foreign body that has been 
floating around the conjunctival sac? 

33. An 11-year-old girl is suffering from an acute 
infection of the right middle ear (acute otitis 
media). Trace the path taken by the pathogenic 
organisms from the nasal part of the pharynx 
to the middle ear. What anatomical structures 
are likely to be involved if the infection spreads 
beyond the confines of the middle ear? 

34. Following a severe cold, a patient complained 
of a frontal headache and a dull, aching pain 
of the right side of the face. What anatomical 
structures are likely to become secondarily in¬ 
fected from the nose? Explain the distribution 
of the pain. 

35. While sitting in a restaurant which specializes 
in seafood, a physician suddenly became aware 
of a man standing up at a nearby table who 
was choking violently and trying desperately to 
get his finger into the back of his mouth. He 
was gasping that he had a fish bone stuck in his 
throat. Name the anatomical site in the throat 
in which fish bones are very liable to lodge. 
What is the sensory nerve supply to the mucous 
membrane lining this area? 
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36. Following a partial thyroidectomy in which dif¬ 
ficulty was experienced in tying the left inferior 
thyroid artery, the patient was found to have 
unilateral partial section of the left recurrent 
laryngeal nerve. Describe the position assumed 
by the left vocal fold. 

37. A 49-year-old woman was found on ophthal¬ 
moscopic examination to have edema of both 
optic discs (bilateral papilledema) and conges¬ 
tion of the retinal veins. The cause of the con¬ 
dition was found to be a rapidly growing intra¬ 
cranial tumor. Using your knowledge of 
anatomy, explain the papilledema. Why does 
the patient exhibit bilateral papilledema? 

38. A 29-year-old woman was struck in the face 
with a baseball while playing with her son. X- 
ray examination revealed multiple fractures of 
the bones around the orbit. Name the bones 
that form the orbital margin. 

39. A 23-year-old woman complained that recently, 


when she had a cold, she took an airplane 
flight, during which she became deaf and both 
ears started to ache. She told the flight atten¬ 
dant of her discomfort and was advised to suck 
on a candy. After a few moments the woman 
experienced a popping sensation in both ears 
and her hearing returned. Her earache imme¬ 
diately disappeared. Using your knowledge of 
anatomy, can you explain this common com¬ 
plaint of air travelers? 

40. A 70-year-old man, who suffered from severe 
bronchitis and emphysema, slipped on an icy 
sidewalk and sustained a fracture of the distal 
third of the right radius. On examination in the 
emergency room, the physician decided, in 
view of the patient’s chest condition, to reduce 
the fracture under a local anesthetic. Where 
can one perform a brachial plexus nerve block? 
Name the important layer of fascia that allows 
one to carry out this nerve block procedure. 


NATIONAL BOARD TYPE QUESTIONS 

In each of the following questions, answer: 

(a) IF (1) IS CORRECT ONLY 

(b) IF (2) IS CORRECT ONLY 

(c) IF BOTH (1) AND (2) ARE CORRECT, AND 

(d) IF NEITHER (1) NOR (2) IS CORRECT 

1. (1) The temporomandibular joint cannot be 

felt from the surface, because it is covered 
by the masseter muscle. 

(2) The mastoid process of the temporal bone 
cannot be palpated in the newborn. 

2. (1) The anterior division of the middle men¬ 

ingeal artery lies beneath the anterior in¬ 
ferior angle of the parietal bone, i.e., IV 2 
inches above the midpoint of the zygo¬ 
matic arch. 

(2) The anterior fontanelle can easily be pal¬ 
pated in a baby and lies between the squa¬ 
mous part of the temporal bone, the pa¬ 
rietal bone, and the greater wing of the 
sphenoid. 

3. (1) The deep cervical lymph nodes are situ¬ 

ated in the neck along a line that extends 
from the midpoint between the tip of the 
mastoid process and the angle of the man¬ 
dible down to the sternoclavicular joint. 


Answers on page 984 

(2) The external jugular vein runs down the 
neck from the angle of the jaw to the mid¬ 
dle of the clavicle. 

4. (1) The parotid duct opens into the vestibule 

of the mouth opposite the third lower mo¬ 
lar tooth. 

(2) The isthmus of the thyroid gland lies an¬ 
terior to the second, third, and fourth 
rings of the trachea. 

5. Concerning the face: 

(1) A boil on the side of the nose is potentially 
dangerous because of the possibility of 
spread of infection from the facial vein to 
the cavernous venous sinus via the supe¬ 
rior ophthalmic vein. 

(2) The entire skin of the face is innervated 
by the three divisions of the trigeminal 
nerve. 

6. Concerning the posterior triangle of the neck: 

(1) The spinal part of the accessory nerve 
crosses the triangle on the superficial sur¬ 
face of the splenius capitis muscle. 

(2) The roots of the brachial plexus emerge 
into the triangle between the scalenus an¬ 
terior and scalenus medius muscles. 
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7. Concerning the carotid sheath: 

(1) The sheath is formed from the investing, 
pretracheal, and prevertebral layers of the 
deep cervical fascia. 

(2) The sheath contains the three carotid ar¬ 
teries, the internal jugular vein, the vagus 
nerve, and the deep cervical lymph nodes. 

8. Concerning the root of the neck: 

(1) The cervical plexus is formed from the 
posterior rami of the cervical spinal 
nerves. 

(2) The vertebral artery ascends the neck 
through the foramen transversaria of the 
upper seven cervical vertebrae. 

9. Concerning the thyroid gland: 

(1) The superior thyroid arteiy is closely as¬ 
sociated with the external laryngeal nerve. 

(2) The inferior thyroid veins drain into the in¬ 
ternal jugular veins. 

10. Concerning the salivary glands: 

(1) The parotid salivary gland is innervated by 
secretomotor fibers that travel with the 
auriculotemporal nerve. 

(2) The deep part of the submandibular sali¬ 
vary gland lies between the mylohyoid 
muscle and the lower border of the body 
of the mandible. 

Multiple Choice: 

11. Which of the following muscles is primarily re¬ 
sponsible for protrusion of the tongue? 

(a) Styloglossus 

(b) Palatoglossus 

(c) Hypoglossus 

(d) Genioglossus 

(e) None of the above 

12. The following muscles of the pharynx receive 
their motor innervation from the pharyngeal 
plexus via the cranial part of the accessory 
nerve, except the: 

(a) Superior constrictor 

(b) Palatopharyngeus 

(c) Stylopharyngeus 

(d) Middle constrictor 

(e) Salpingopharyngeus 

13. Which of the following muscles serve to elevate 
the soft palate during swallowing? 

(a) Tensor veli palatini 

(b) Palatoglossus 

(c) Palatopharyngeus 


(d) Levator veli palatini 

(e) Salpingopharyngeus 

14. Which of the following muscles partially inserts 
on the articular disc of the temporomandibular 
joint? 

(a) Medial pterygoid 

(b) Anterior fibers of temporalis 

(c) Masseter 

(d) Posterior fibers of temporalis 

(e) Lateral pterygoid 

15. All the following statements concerning cervi¬ 
cal vertebrae are correct, except: 

(a) Each transverse process has a foramen 

(b) The atlas has no spinous process and no 
body 

(c) None of the spinous processes can be pal¬ 
pated 

(d) Most of the cervical vertebrae have bifid 
spines 

(e) There is a synovial joint between the odon¬ 
toid process of the axis and the anterior 
arch of the atlas 

16. Assuming the patient’s eyesight is normal, in 
which cranial nerve is there likely to be a lesion 
when the direct and consensual light reflexes 
are absent? 

(a) Trochlear nerve 

(b) Optic nerve 

(c) Abducent nerve 

(d) Oculomotor nerve 

(e) Trigeminal nerve 

17. A patient is unable to taste a piece of sugar 
placed on the anterior part of the tongue. 
Which cranial nerve is likely to have a lesion? 

(a) Hypoglossal 

(b) Vagus 

(c) Glossopharyngeal 

(d) Facial 

(e) Maxillary division of trigeminal 

18. On asking a patient to say “ah,” the uvula is 
seen to be drawn upward to the right. Which 
cranial nerve is likely to be damaged? 

(a) Left glossopharyngeal nerve 

(b) Right hvpoglossal 

(c) Left accessory nerve 

(d) Right vagus 

(e) Right trigeminal nerve 

19. When testing the sensory innervation of the 
face, it is important to remember that the skin 
of the tip of the nose is supplied by the: 
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(a) Zygomatic branch of the facial nerve 

(b) Maxillary division of the trigeminal nerve 

(c) Ophthalmic division of the trigeminal 
nerve 

(d) External nasal branch of the facial nerve 

(e) Buccal branch of the mandibular division 
of the trigeminal nerve 

20. All of the following spatial relations to the sca¬ 
lenus anterior muscle are correct, except: 

(a) The origin of the vertebral artery is medial 
to it 

(b) The roots of the brachial plexus are pos¬ 
terior to it 

(c) The third part of the subclavian artery is 
lateral to it 

(d) The subclavian vein is posterior to it 

(e) The phrenic nerve is anterior to it 

In the following questions, answer: 

(a) IF ONLY (1), (2), AND (3) ARE CORRECT 

(b) IF (1) AND (3) ARE CORRECT 

(c) IF ONLY (2) AND (4) ARE CORRECT 

(d) IF ONLY (4) IS CORRECT, AND 

(e) IF ALL ARE CORRECT 

21. Concerning the stellate ganglion: 

(1) It is formed from a fusion of the inferior 
cervical ganglion with the first thoracic 
ganglion. 

(2) It has white and gray rami communicans, 
which pass to spinal nerves. 

(3) It lies in the interval between the trans¬ 
verse process of the seventh cervical verte¬ 
bra and the neck of the first rib. 

(4) It is situated in front of the vertebral ar- 
tery. 

22. The chorda tympani contains which of the fol¬ 
lowing types of nerve fibers? 

(1) Sympathetic preganglionic 

(2) Special sensoiy (taste) 

(3) General sensation (touch and pressure) 

(4) Parasympathetic preganglionic 

23. Concerning the pituitary gland (hypophysis 
cerebri): 

(1) It is deeply placed within the sella turcica 
of the skull. 

(2) It is separated from the optic chiasma by 
the diaphragma sellae. 

(3) The sphenoid sinus lies inferior to it. 

(4) It receives its arterial supply from the in¬ 
ternal carotid artery. 


24. Concerning the cervical part of the esophagus: 

(1) The lumen is narrowed at the junction 
with the pharynx. 

(2) The lymph drains into the deep cervical 
lymph nodes. 

(3) The sensoiy nerve supply is the recurrent 
laryngeal nerve. 

(4) It is the site of an important portal-sys¬ 
temic anastomosis. 

25. Concerning the submandibular lymph nodes: 

(1) They are situated on the superficial sur¬ 
face of the submandibular salivary gland. 

(2) They drain the tip of the tongue. 

(3) They drain the skin of the scalp covering 
the forehead. 

(4) They drain the tonsil. 

26. Which of the following statements are true re¬ 
garding the parotid salivary gland? 

(1) The facial nerve passes through it, dividing 
the gland into superficial and deep parts. 

(2) The retromandibular vein is formed 
within it by the union of the superficial 
temporal vein and the maxillary vein. 

(3) The secretomotor nerve supply is derived 
from the glossopharyngeal nerve. 

(4) The parotid duct pierces the buccinator 
muscle to enter the mouth. 

27. Which of the following statements concerning 
the tongue is/are correct? 

(1) The intrinsic muscles of the tongue are in¬ 
nervated by the hypoglossal nerve. 

(2) The taste buds on the vallate papillae are 
innervated by the glossopharyngeal nerve. 

(3) The posterior third of the tongue forms 
part of the anterior wall of the oral phar¬ 
ynx. 

(4) The foliate papillae are confined to the 
posterior one-third of the dorsum of the 
tongue. 


Match the muscles of the orbital cavity listed 
on the left with the appropriate nerve supply 


listed on the right: 

28. Levator palpebrae 
superioris 

29. Inferior oblique 

30. Lateral rectus 

31. Superior oblique 

32. Orbicularis oculi 


(a) Facial nerve 

(b) Trochlear nerve 

(c) Trigeminal nerve 

(d) Oculomotor nerve 

(e) Abducent nerve 
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Match the cranial nerves listed on the left with Match the foramen in the skull on the left with 


the appropriate openings in the skull listed on 

the bone in which it is located on the right: 

the right, through which each nerve exits from 

39. Optic canal 

(a) 

Sphenoid 

the cranial cavity: 


40. Carotid canal 

(b) 

Occipital 

33. Mandibular divi¬ 

(a) Superior orbital 

41. Foramen spinosum 

(c) 

Temporal 

sion of the 

fissure 

42. Hypoglossal canal 

(d) 

Frontal 

trigeminal 

(b) Foramen rotundum 

43. Foramen rotundum 

(e) 

None of the above 

34. Vagus 

(c) Foramen ovale 

44. Facial nerve canal 



35. Abducent 

(d) Jugular foramen 

45. Foramen magnum 



36. Ophthalmic divi¬ 

(e) None of the above 




sion of the 
trigeminal 





37. Maxillary division 





of the trigeminal 





38. Oculomotor 







12. The Back 


The back, which extends from the skull to the tip 
of the coccyx, may be defined as the posterior sur¬ 
face of the trunk. Superimposed on the upper part 
of the posterior surface of the thorax are the scap¬ 
ulae and the muscles that connect the scapulae to 
the trunk. 


SURFACE ANATOMY _ 

The entire posterior aspect of the patient should be 
examined from head to foot, and the arms should 
hang loosely at the side. All clothes and the shoes 
should be removed. 

In the midline the following structures can be 
palpated from above downward. 


External Occipital Protuberance __ 

This lies at the junction of the head and neck (Fig. 
12-2). If the index finger is placed on the skin in 
the midline, it can be drawn downward from the 
protuberance in the nuchal groove. 


Cervical Vertebrae 

The first spinous process to be felt (Fig. 12-1). is 
that of the seventh cervical vertebra (vertebra prom- 
inens). Cervical spines 1-6 are covered by the liga¬ 
ment urn nuchae, a large ligament that runs down 
the back of the neck connecting the skull to the spi¬ 
nous processes of the cervical vertebrae. 


Thoracic and Lumbar Vertebrae 

The nuchal groove is continuous below with a fur¬ 
row that runs down the middle of the back over 
the tips of the spines of the thoracic and lumbar 
vertebrae. The spines of all the thoracic and the up¬ 
per four lumbar vertebrae can be individually pal¬ 
pated. The most prominent spine is that of the first 
thoracic vertebra; the others may be easily recog¬ 
nized when the trunk is bent forward. 


Sacrum_ 

The spines of the sacrum are fused with each other 
in the midline to form the median sacral crest. The 
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Fig. 12-1. The back of a 27-year-old male. 

crest can be felt beneath the skin in the uppermost 
part of the natal cleft between the buttocks. 

The sacral hiatus is situated on the posterior aspect 
of the lower end of the sacrum, and it is here that 
the extradural space terminates. The hiatus lies 
about 2 inches (5 cm) above the tip of the coccyx 
and beneath the skin of the natal cleft. 


Coccyx 

The inferior surface and tip of the coccyx can be 
palpated in the natal cleft about 1 inch (2.5 cm) 
behind the anus (Fig. 12-2). The anterior surface of 
the coccyx may be palpated with a gloved finger in 
the anal canal. 


Upper Lateral Part of Thorax 

This is covered by the scapula and its associated 
muscles. The scapula lies posterior to the first to 
the seventh ribs (Figs. 12-1 and 12-2). 
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Fig, 12-2, Posterior view of skeleton, showing sur¬ 
face markings on the back. 
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Scapula_ 

The medial border forms a prominent ridge, which 
ends above at the superior angle and below at the 
inferior angle (Fig. 12-1). 

The superior angle can be palpated opposite the 
first thoracic spine and the inferior angle can be 
palpated opposite the seventh thoracic spine (Figs. 
12-1 and 12-2). 

The crest of the spine of the scapula can be palpated 
and traced medially to the medial border of the 
scapula, which it joins at the level of the third tho¬ 
racic spine (Figs. 12-1 and 12-2). 

The acromion process of the scapula forms the lat¬ 
eral extremity of the spine of the scapula. It is sub¬ 
cutaneous and easily located. 


Lower Lateral Part of the Back 

This is formed by the posterior aspect of the false 
pelvis and its associated gluteal muscles. 


Iliac Crests 

These are easily palpable along their entire length 
(Fig. 12-2). They lie at the level of the fourth lum¬ 
bar spine. Each crest ends in front at the anterior 
superior iliac spine and behind at the posterior su¬ 
perior iliac spine; the latter lies beneath a skin dim¬ 
ple at the level of the second sacral vertebra and 
the middle of the sacroiliac joint. The iliac tubercle 
is a prominence felt on the outer surface of the iliac 
crest about 2 inches (5 cm) posterior to the anterior 
superior iliac spine. The iliac tubercle lies at the 
level of the fifth lumbar spine. 


Symmetry of the Back 

Observe the back as a whole and compare the two 
sides with reference to an imaginary line passing 
downward from the external occipital protuber¬ 
ance to the natal cleft. 

The posterior vertebral musculature, which 
mainly controls the movements of the vertebral 
column and maintains the postural curves of the 
column, can be palpated. The muscles are large 
and lie on either side of the spines of the vertebrae 
(Figs. 12-1, 12-2, and 12-9). They should be exam¬ 
ined with the flat of the hand. If they exhibit nor¬ 
mal tone, they are firm to the touch. A spastic mus¬ 


cle feels harder than normal; it is also shorter than 
normal, which produces a concavity of the verte¬ 
bral column on the side of the muscular contrac¬ 
tion. 

The curves of the vertebral column may be ex¬ 
amined by inspecting the lateral contour of the 
back. Normally, the posterior surface is concave in 
the cervical region, convex in the thoracic region, 
and concave in the lumbar region (Fig. 12-3). The 
anterior surface of the sacrum and coccyx together 
have an anterior concavity. The lumbar region 
meets the sacrum at a sharp angle, the lumbosa¬ 
cral angle. 

Inspection of the posterior surface of the back, 
with particular reference to the vertical alignment 
of the vertebral spines, reveals a slight lateral cur¬ 
vature in most normal persons. Right-handed per¬ 
sons, especiallv those whose work involves extreme 
and prolonged muscular effort, usually exhibit a 
lateral thoracic curve to the right; if they are left- 
handed, there is usually a lateral thoracic curve to 
the left. 


Spinal Cord and Subarachnoid Space 

The spinal cord in the adult extends down to the 
level of the lower border of the spine of the first 
lumbar vertebra (Fig. 12-7). In the young child it 
may extend to the fourth lumbar spine. 

The subarachnoid space (Fig. 12-4), with the 
cerebrospinal fluid it contains, extends down to the 
lower border of the second sacral vertebra, which 
lies at the level of the posterior superior iliac spine 
(Fig. 12-7). 













atlas 


axis 


cervical curve 


cervical 
} vertebrae 
(7) 


lamina 

pedicle 

transverse 
process 


body 


spine (bifid) 


vertebral foramen 



superior articular 
facet 

posterior tubercle 
foramen 

transversarium 
anterior tubercle 


thoracic 

curve 


facet for 
rib tubercle 


vertebral foramen 


spine 


thoracic 
► vertebrae 
( 12 ) 



transverse 

process 


superior articular 
facet 

pedicle 

demifacet for rib head 
body 


inferior articular process 


vertebral foramen 


lumbar curve 


lumbar 
► vertebrae 
(5) 



superior articular 
process 


promontory 


sacral curve! 


sacral 

vertebrae 

(5) 


coccygeal vertebrae 
(4) 



transverse process 
pedicle 

body 

superior articular process 

lateral mass 


anterior sacral 
foramina 


transverse process 
of coccyx 


Fig. 12-3. (A) Lateral view of vertebral column. (B) 
General features of different kinds of vertebrae. 
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posterior ramus posterior root ganglion 


Fig. 12-4. Oblique section through first lumbar ver¬ 
tebra, showing spinal cord and its covering mem¬ 
branes. Note relationship between spinal nerve 
and sympathetic trunk on each side. Note, also, im¬ 
portant internal vertebral venous plexus. 
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THE VERTEBRAL COLUMN 

The vertebral column is the central pillar of the 
body. It serves to protect the spinal cord and sup¬ 
ports the weight of the head and trunk, which it 
transmits to the hip bones and the lower limbs. It 
is a flexible structure made up of irregular bones 
called vertebrae, separated by fibrocartilaginous 
discs called intervertebral discs. The intervertebral 
discs form one quarter of the length of the column. 

The vertebrae are arranged in the following 
groups: 

Cervical (7) 

Thoracic (12) 

Lumbar (5) 

Sacral (5, fused to form the sacrum) 

Coccygeal (4; the lower 3 are commonly fused) 


General Characteristics of a Vertebra 

Although vertebrae show regional differences, they 
all possess a common pattern (Fig. 12-3). 

A typical vertebra consists of a rounded body an¬ 
teriorly and a vertebral arch posteriorly. These en¬ 
close a space called the vertebral foramen, through 
which run the the spinal cord and its coverings. 
The vertebral arch consists of a pair of cylindrical 
pedicles, which form the sides of the arch, and a 
pair of flattened laminae, which complete the arch 
posteriorly. 

The vertebral arch gives rise to seven processes, 
one spinous, two transverse, and four articular 
(Fig. 12-3). 

The spinous process, or spine, is directed poste¬ 
riorly from the junction of the two laminae. The 
transverse processes are directed laterally from the 
junction of the laminae and the pedicles. Both the 
spinous and transverse processes serve as levers 
and receive attachments of muscles and ligaments. 

The articular processes are vertically arranged 
and consist of two superior and two inferior pro¬ 
cesses. They arise from the junction of the laminae 
and the pedicles, and their articular surfaces are 
covered with hyaline cartilage. The superior artic¬ 
ular processes of one vertebral arch articulate with 
the inferior articular processes of the arch above, 
forming a synovial joint. 

The pedicles are notched on their upper and 
lower borders, forming the superior and inferior 


vertebral notches. The superior notch of one verte¬ 
bra and the inferior notch of an adjacent vertebra 
together form an intervertebral foramen. These fo¬ 
ramina in an articulated skeleton serve to transmit 
the spinal nerves and blood vessels. 


CERVICAL VERTEBRAE 

A typical cervical vertebra has the following char¬ 
acteristics (Fig. 12-3): 

Each transverse process possesses a foramen 
transversarium for the vertebral vessels (note that 
the vertebral artery passes only through transverse 
processes Cl-6). The spines are small and bifid. 
The body is small and broader from side to side 
than from front to back - , there are small synovial 
joints on each side. The vertebral foramen is large 
and triangular in shape. The superior articular pro¬ 
cesses have small, flat articular facets, which face 
backward and upward; the inferior articular pro¬ 
cesses have facets that face downward and for¬ 
ward. 

The first, second, and seventh cervical vertebrae 
are atypical. 

The first cervical vertebra, or atlas, has no body 
and no spinous process (Fig. 11-66). It is merely a 
ring of bone consisting of anterior and posterior 
arches and a lateral mass on each side. Each lateral 
mass has articular surfaces on its upper and lower 
aspects. The bone articulates above with the occip¬ 
ital condyles, forming the atlanto-occipital joints. 
Below, the bone articulates with the axis, forming 
the atlanto-axial joints. 

The second cervical vertebra, or axis, has a peg¬ 
like odontoid process, which surmounts the body 
and represents the body of the atlas, which has 
fused with the axis (Fig. 11-66). 

The seventh cervical vertebra, or vertebra promi- 
nens, is so named because it has the longest spinous 
process (Fig. 11-66). The spine is not bifid. The 
transverse process is large, but the foramen trans¬ 
versarium is small and transmits the vertebral vein 
or veins. 


THORACIC VERTEBRAE 

The thoracic vertebrae increase in size from above 
downward. The body is heart-shaped (Fig. 12-3). 
The vertebral foramen is relatively small and cir¬ 
cular. The spines are long and inclined downward. 













926 


12. The Back 


Costal facets are present on the sides of the bodies 
where the heads of the ribs articulate, and on the 
transverse processes for articulation with the tu¬ 
bercles of the ribs (Til and 12 have no facets on 
the transverse processes.) The superior articular 
processes bear facets that face backward and lat¬ 
erally, while the facets on the inferior articular pro¬ 
cesses face forward and medially. The inferior 
articular processes of the twelfth vertebra face lat¬ 
erally, as do those of the lumbar vertebrae. 


LUMBAR VERTEBRAE 

The body of each lumbar vertebra is massive and 
kidney-shaped (Figs. 12-3 and 12-4). The pedicles 
are strong and directed backward. The laminae are 
thick, and the vertebral foramina are triangular in 
shape. The transverse processes are long and slen¬ 
der. The spinous process is short, flat, and quad¬ 
rangular in shape (Fig. 12-5) and projects directly 
backward. The articular surfaces of the superior 
articular processes face medially, and those of the 
inferior articular processes face laterally. 

The lumbar vertebrae have no facets for articu¬ 
lation with ribs and no foramina in the transverse 
processes. 


SACRUM 

The sacrum (Fig. 12-3) consists of five rudimentary 
vertebrae fused together to form a wedge-shaped 
bone, which is concave anteriorly. The upper bor¬ 
der, or base, of the bone articulates with the fifth 
lumbar vertebra. The narrow inferior border artic¬ 
ulates with the coccyx. Laterally, the sacrum artic¬ 
ulates with the two innominate, or hip, bones to 
form the sacroiliac joints (Fig. 6-5). The anterior 
and upper margin of the first sacral vertebra 
bulges forward as the posterior margin of the pel¬ 
vic inlet and is known as the sacral promontory. 

The vertebral foramina are present and form the 
sacral canal. The laminae of the fifth sacral verte¬ 
bra, and sometimes those of the fourth also, fail to 
meet in the midline, forming the sacral hiatus (Fig. 
6-9). 

The anterior and posterior surfaces of the sac¬ 
rum have four foramina on each side for the pas¬ 
sage of the anterior and posterior rami of the upper 
four sacral nerves. 


COCCYX 

The coccyx consists of four vertebrae fused together 
to form a small triangular bone, which articulates 
at its base with the lower end of the sacrum (Fig. 
12-3). The first coccygeal vertebra commonly is not 
fused, or is incompletely fused, with the second 
vertebra. 


INTERVERTEBRAL DISCS 

The intervertebral discs are responsible for one- 
quarter of the length of the vertebral column (Fig. 
12-5). They are thickest in the cervical and lumbar 
regions, where the movements of the vertebral col¬ 
umn are greatest. They may be regarded as semi¬ 
elastic discs, which lie between the rigid bodies of 
adjacent vertebrae (Fig. 12-6). Their physical char¬ 
acteristics permit them to serve as shock absorbers 
when the load on the vertebral column is suddenly 
increased, as when one is jumping from a height. 
Their elasticity allows the rigid vertebrae to move 
one upon the other. Unfortunately, their resilience 
is gradually lost with advancing age. 

Each disc consists of a peripheral part, the anu- 
lus fibrosus, and a central part, the nucleus pul- 
posus (Fig. 12-6). The anulusfibrosus is composed 
of fibrocartilage, in which the collagen fibers are 
arranged in concentric lamellae. The collagen bun¬ 
dles pass obliquely between adjacent vertebral bod¬ 
ies, and their inclination is reversed in alternate la¬ 
mellae (Fig. 12-13C). The more peripheral fibers 
are strongly attached to the anterior and posterior 
longitudinal ligaments of the vertebral column. 

The nucleus pulposus in the child is an ovoid 
mass of gelatinous material containing a large 
amount of water, a small number of collagen fi¬ 
bers, and a few cartilage cells. It is normally under 
pressure and situated slightly nearer to the poste¬ 
rior than to the anterior margin of the disc. 

The upper and lower surfaces of the bodies of 
adjacent vertebrae that abut onto the disc are cov¬ 
ered with thin plates of hyaline cartilage. 


Fig* 12-5. Sagittal section through lumbar part of 
vertebral column in position of flexion. Note that 
spines and laminae are well separated in this posi¬ 
tion, enabling one to introduce lumbar puncture 
needle into subarachnoid space. 
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The semifluid nature of the nucleus pulposus al¬ 
lows it to change shape and permits one vertebra 
to rock forward or backward on another, as in flex¬ 
ion and extension of the vertebral column. 

A sudden increase in the compression load on 
the vertebral column causes the semifluid nucleus 
pulposus to become flattened. The outward thrust 
of the nucleus is accommodated by the resilience 
of the surrounding anulus fibrosus. Sometimes, the 
outward thrust is too great for the anulus fibrosus 
and it ruptures, allowing the nucleus pulposus to 
herniate (Fig. 12-15). 

With advancing age the water content of the nu¬ 
cleus pulposus diminishes and is replaced by fibro- 
cartilage. In old age the discs are thin and less elas¬ 
tic, and it is no longer possible to distinguish the 
nucleus from the anulus. 

No discs are found between the first two cervical 
vertebrae or in the sacrum or coccyx. 


Joints of the Vertebral Column 

With the exception of the first two cervical verte¬ 
brae, the remainder of the mobile vertebrae artic¬ 
ulate with each other by means of cartilaginous 
joints between their bodies and by synovial joints 
between their articular processes (Fig. 12-6). 


JOINTS BETWEEN TWO 

VERTEBRAL BODIES _ 

The upper and lower surfaces of the bodies of ad¬ 
jacent vertebrae are covered by thin plates of hya¬ 
line cartilage. Sandwiched between the plates of 
hyaline cartilage is an intervertebral disc of fibro- 
cartilage (Figs. 12-5 and 12-6). The collagen fibers 
of the disc strongly unite the bodies of the two ver¬ 
tebrae. (The structure of an intervertebral disc is 
fully described on p. 926.) 


Fig. 12-6. (A) Joints in cervical, thoracic, and lum¬ 
bar regions of vertebral column. (B) Third lumbar 
vertebra seen from above, showing relationship be¬ 
tween intervertebral disc and cauda ecjuina. (C) 
Sagittal section through three lumbar vertebrae, 
showing ligaments and intervertebral discs. Note 
relationship between emerging spinal nerve in an 
intervertebral foramen and the intervertebral disc. 


In the lower cervical region, small synovial joints 
are present at the sides of the intervertebral disc 
between the upper and lower surfaces of the bodies 
of the vertebrae. 


Ligaments 

The anterior and posterior longitudinal ligaments 
run as continuous bands down the anterior and 
posterior surfaces of the vertebral column from the 
skull to the sacrum (Figs. 12-5 and 12-6). The an¬ 
terior ligament is wide and is strongly attached to 
the front and sides of the margins of the vertebral 
bodies and to the intervertebral discs. The posterior 
ligament is weak and narrow and is attached to the 
posterior borders of the discs. 


JOINTS BETWEEN TWO 
VERTEBRAL ARCHES 

The joints between two vertebral arches consist of 
svnovial joints between the superior and inferior 
articular processes of adjacent vertebrae (Fig. 12- 
6). The articular facets are covered with hyaline 
cartilage, and the joints are surrounded by a cap¬ 
sular ligament. 


Ligaments 

The supraspinous ligament connects the tips of the 
vertebral spines (Fig. 12-6). The interspinous liga¬ 
ment runs between adjacent spines. The ligamen- 
tumflavum connects adjacent laminae. In the cer¬ 
vical region the supraspinous and interspinous 
ligaments are greatly thickened to form the very 
thick ligamentum nuchae. The latter extends from 
the spine of the seventh cervical vertebra to the ex¬ 
ternal occipital protuberance, its anterior border 
being strongly attached to the cervical spines in be¬ 
tween. 


ATLANTO-OCCIPITAL JOINTS_ 

The atlanto-occipital joints are synovial joints that 
are formed between the occipital condyles, which 
are found on either side of the foramen magnum 
above and the facets on the superior surfaces of the 
lateral masses of the atlas below (Fig. 12-7). 
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Fig. 12-7. Atlanto-occipital joints: (A) anterior view; 
(B) posterior view. Atlanto-axial joints: (C) sagittal 
section; (D) posterior view; note that the posterior 
arch of the atlas and the laminae and spine of the 
axis have been removed. 
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Ligaments 

The anterior atlanto-occipital membrane, a contin¬ 
uation of the anterior longitudinal ligament, con¬ 
nects the anterior arch of the atlas to the anterior 
margin of the foramen magnum. 

The posterior atlanto-occipital membrane, which 
is similar to the ligamentum flavum, connects the 
posterior arch of the atlas to the posterior margin 
of the foramen magnum. 


ATLANTO-AXIAL JOINTS 

The atlanto-axial joints are three synovial joints, 
one of which is between the odontoid process and 
the anterior arch of the atlas, while the other two 
are between the lateral masses of the bones (Fig. 
12-7). 


Ligaments 

The apical ligament is a median-placed structure 
connecting the apex of the odontoid process to the 
anterior margin of the foramen magnum. 

The alar ligaments lie one on each side of the 
apical ligament and connect the odontoid process 
to the medial sides of the occipital condyles. 

The cruciate ligament consists of a strong trans¬ 
verse part and a weak vertical part. The transverse 
part is attached on each side to the inner aspect of 
the lateral mass of the atlas and binds down the 
odontoid process to the anterior arch of the atlas. 
The vertical part runs from the posterior surface of 
the body of the axis to the anterior margin of the 
foramen magnum. 

The membrana tectoria is an upward continua¬ 
tion of the posterior longitudinal ligament. It is at¬ 
tached above to the occipital bone just within the 
foramen magnum. It covers the posterior surface 
of the odontoid process and the apical, alar, and 
cruciate ligaments. 

Curves of the Vertebral Column 

CURVES IN THE SAGITTAL PLANE 

In the fetus the vertebral column has one continu¬ 
ous anterior concavity. As development proceeds, 
the lumbosacral angle appears. After birth, when 
the child becomes able to raise his head and keep 


it poised on the vertebral column, the cervical part 
of the vertebral column becomes concave poste¬ 
riorly (Fig. 12-8). Toward the end of the first year, 
when the child begins to stand upright, the lumbar 
part of the vertebral column becomes concave 
posteriorly. The development of these secondary 
curves is largely due to modification in the shape 
of the intervertebral discs. 

In the adult in the standing position (Fig. 12-8), 
the vertebral column therefore exhibits in the sag¬ 
ittal plane the following regional curves: cervical— 
posterior concavity, thoracic—posterior convexity, 
lumbar—posterior concavity, and sacral—poste¬ 
rior convexity. During the later months of preg¬ 
nancy, with the increase in size and weight of the 
fetus, women tend to increase the posterior lumbar 
concavity in an attempt to preserve their center of 
gravity. In old age the intervertebral discs atrophy, 
resulting in a loss of height and a gradual return of 
the vertebral column to a continuous anterior con¬ 
cavity. 


CURVES IN THE CORONAL PLANE 

In late childhood it is quite common to find the 
development of minor lateral curves in the thoracic 
region of the vertebral column. This is normal and 
is usually due to the predominant use of one of the 
upper limbs. For example, right-handed persons 
will often have a slight right-sided thoracic convex¬ 
ity. Slight compensatory curves are always present 
above and below such a curvature. 


Movements of the 
Vertebral Column 

As has been seen in the previous sections, the ver¬ 
tebral column consists of a number of separate ver¬ 
tebrae accurately positioned one upon the other 
and separated by intervertebral discs. The verte¬ 
brae are held in position relative to one another by 
strong ligaments that severely limit the degree of 
movement possible between adjacent vertebrae. 
Nevertheless, the summation of all these move¬ 
ments gives the vertebral column as a whole a re¬ 
markable degree of mobility. 

The following movements are possible: flexion, 
extension, lateral flexion, rotation, and circumduc¬ 
tion: 
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Fig. 12-8. (A, B, C) Curves of vertebral column at 
different ages. Note that in adult (D), lower end of 
spinal cord lies at level of lower border of body of 
first lumbar vertebra (arrow), and subarachnoid 
space ends at lower border of body of second sac¬ 
ral vertebra (arrow). 
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Flection is a forward movement, and extension is a 
backward movement. They are both extensive in 
the cervical and lumbar regions, but restricted 
in the thoracic region. 

Lateral flexion is the bending of the body to one or 
the other side. It is extensive in the cervical and 
lumbar regions, but restricted in the thoracic re- 
gion. 

Rotation is a twisting of the vertebral column. This 
is most extensive in the lumbar region. 
Circumduction is a combination of all these move¬ 
ments. 

The type and range of movements possible in 
each region of the column is largely dependent on 
the thickness of the intervertebral discs and the 
shape and direction of the articular processes. In 
the thoracic region, the ribs, the costal cartilages, 
and the sternum severely restrict the range of 
movement. 

The atlanto-occipitaljoints permit extensive flex¬ 
ion and extension of the head. The atlanto-axial 
joints allow a wide range of rotation of the atlas 
and thus of the head on the axis. 

The vertebral column is moved by numerous 
muscles, many of which are attached directly to 
the vertebrae, while others, such as the sternoclei¬ 
domastoid and the abdominal wall muscles, are 
attached to the skull or to the ribs or fasciae. 

In the cervical region , flexion is produced by the 
longus cervicis, the scalenus anterior, and the ster¬ 
nocleidomastoid muscles. Extension is produced by 
the postvertebral muscles (see below). Lateral flex¬ 
ion is produced by the scalenus anterior and me- 
dius and the trapezius and sternocleidomastoid 
muscles. Rotation is produced by the sternocleido¬ 
mastoid on one side and the splenius on the other 
side. 

In the thoracic region, rotation is produced by the 
semispinalis and rotatores muscles, assisted by the 
oblique muscles of the anterolateral abdominal 
wall. 

In the lumbar region, flexion is produced by the 
rectus abdominis and the psoas muscles. Extension 
is produced by the postvertebral muscles. Lateral 
flexion is produced by the postvertebral muscles, 
the quadratus lumborum, and the oblique muscles 
of the anterolateral abdominal wall. The psoas 
may also play a part in this movement. Rotation is 
produced by the rotatores muscles and the oblique 
muscles of the anterolateral abdominal wall. 


MUSCLES OF THE BACK 

The muscles of the back may be divided into three 
main groups: (1) the superficial muscles associated 
with the shoulder girdle, (2) the intermediate mus¬ 
cles involved with respiration, and (3) the deep 
muscles belonging to the vertebral column. 


Superficial Muscles 

These muscles belong to the upper limb and are 
the trapezius, latissimus dorsi, levator scapulae, 
and the rhomboid minor and major. They are de¬ 
scribed in Chapter 9. 


Intermediate Muscles 

These muscles are associated with respiration and 
are the serratus posterior superior, serratus poste¬ 
rior inferior, and the levatores costarum. They are 
described with the thorax in Chapter 2. 


Deep Muscles of the Back. 
(Postvertebral Muscles) 

In the standing position the line of gravity (Fig. 12- 
9) passes through the odontoid process of the axis, 
behind the centers of the hip joints, and in front of 
the knee and ankle joints. It follows that when the 
body is in this position, the greater part of its 
weight falls in front of the vertebral column. It is 
therefore not surprising to find that the postverte¬ 
bral muscles of the back are well developed in 
man. The postural tone of these muscles is the ma¬ 
jor factor responsible for the maintenance of the 
normal curves of the vertebral column. 

The deep muscles of the back form a broad, 
thick column of muscle tissue, which occupies the 
hollow on each side of the spinous processes (Fig. 
12-9). They extend from the sacrum to the skull 
and lie beneath the thoracolumbar fascia. It must 
be realized that this complicated muscle mass is 
composed of many separate muscles of varying 
length. Each individual muscle maybe regarded as 
a string, which, when pulled on, causes one or sev¬ 
eral vertebrae to be extended or rotated on the ver¬ 
tebra below. Since the origins and insertions of the 
different groups of muscles overlap, entire regions 
of the vertebral column can be made to move 
smoothly. 
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Fig. 12-9. (A) Arrangement of deep muscles of 
back. (B) Lateral view of skeleton, showing line of 
gravity. Since greater part of body weight lies ante¬ 
rior to vertebral column, deep muscles of back are 
important in maintaining normal postural curves 
of vertebral column in standing position. 
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The spines and transverse processes of the ver¬ 
tebrae serve as levers that facilitate the muscle ac¬ 
tions. The muscles of longest length lie superficially 
and run vertically from the sacrum to the rib an¬ 
gles, the transverse processes, and the upper ver¬ 
tebral spines (Fig. 12-9). The muscles of inter¬ 
mediate length run obliquely from transverse 
processes to spines. The shortest and deepest mus¬ 
cle fibers run between spines and between trans¬ 
verse processes of adjacent vertebrae. 

The deep muscles of the back may be classified 
as follows: 


Superficial Vertically Running Muscles 

.iliocostalis 

Erector spinae longissimus 

.spinalis 

Intermediate Oblique Running Muscles 

semispinalis 

Transversospinalis 


multifidus 

rotatores 


Deepest Muscles 

Interspinales 

Intertransversarii 


A knowledge of the detailed attachments of the 
various muscles of the back has no practical value 
to a medical student, and the attachments are 
therefore omitted in this text. 


Deep Fascia of the Back 
(Thoracolumbar Fascia) 

The lumbar part of the deep fascia is situated in 
the interval between the iliac crest and the twelfth 
rib. It forms a strong aponeurosis and laterally 
gives origin to the middle fibers of the transversus 
and the upper fibers of the internal oblique muscle. 
(See p. 154.) 

Medially, the lumbar part of the deep fascia 
splits into three lamellae. The posterior lamella 
covers the deep muscles of the back and is attached 
to the lumbar spines. The middle lamella passes 
medially, to be attached to the tips of the transverse 
processes of the lumbar vertebrae; it lies in front of 
the deep muscles of the back and behind the quad- 
ratus lumborum. The anterior lamella passes me¬ 
dially and is attached to the anterior surface of the 
transverse processes of the lumbar vertebrae; it lies 
in front of the quadratus lumborum muscle. 

In the thoracic region, the deep fascia is attached 
medially to the vertebral spines and laterally to the 
angles of the ribs. It covers the posterior surface of 
the deep muscles of the back. 

In the cervical region, the deep fascia is veiy 
much thinner and of no special importance. 


Blood Vessels of die Back 


SPLENIUS __ 

The splenius is a detached part of the deep muscles 
of the back. It consists of two parts. The splenius 
capitis arises from the lower part of the ligamen- 
tum nuchae and the upper four thoracic spines and 
is inserted into the superior nuchal line of the oc¬ 
cipital bone and the mastoid process of the tem¬ 
poral bone. 

The splenius cervicis has a similar origin, but is 
inserted into the transverse processes of the upper 
cervical vertebrae. 


Nerve Supply __ 

All the deep muscles of the back are innervated by 
the posterior rami of the spinal nerves. 


ARTERIES_ 

The following arteries supply the structures of the 
back. 

In the cervical region, branches arise from the oc¬ 
cipital artery, a branch of the external carotid; 
from the vertebral artery, a branch of the subcla¬ 
vian; from the deep cervical artery, a branch of the 
costocervical trunk; from the ascending cervical ar¬ 
tery, a branch of the inferior thyroid artery. 

In the thoracic region, branches arise from the 
posterior intercostal arteries and in the lumbar re¬ 
gion, from the subcostal and lumbar arteries. In the 
sacral region, branches arise from the iliolumbar 
and lateral sacral arteries, branches of the internal 
iliac artery. 


VEINS 


The veins draining the structures of the back form 
complicated plexuses extending along the vertebral 
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column from the skull to the coccyx. The veins may 
be divided into (1) those that lie external to the ver¬ 
tebral column and surround it and form the exter¬ 
nal vertebral venous plexus and (2) those that lie 
within the vertebral canal and form the internal 
vertebral venous plexus (Fig. 12-4). There is free 
communication between these plexuses and the 
veins in the neck, thorax, abdomen, and pelvis. 
Above, they communicate through the foramen 
magnum with the occipital and basilar venous sin¬ 
uses within the cranial cavity. The internal verte¬ 
bral plexus lies within the vertebral canal, but out¬ 
side the dura mater of the spinal cord. It is 
embedded in areolar tissue and receives tributaries 
from the vertebrae by way of the basivertebral 
veins (Fig. 12-4) and from the meninges and spinal 
cord. The internal plexus is drained by the inter¬ 
vertebral veins , which pass outward with the spinal 
nerves through the intervertebral foramina. Here, 
they are joined by tributaries from the external ver¬ 
tebral plexus and in turn drain into the vertebral, 
intercostal, lumbar, and lateral sacral veins. 

The external and internal vertebral plexuses 
form a capacious venous network whose walls are 
thin and whose channels have incompetent valves 
or are valveless. Free venous blood flow may there¬ 
fore take place between the skull, the neck, the 
thorax, the abdomen, the pelvis, and the vertebral 
plexuses, with the direction of flow depending on 
the pressure differences that exist at any given time 
between the regions. This fact is of considerable 
clinical significance. 


Lymphatic Drainage of the Back 

The deep lymphatic vessels follow the veins and 
drain into the deep cervical, posterior mediastinal, 
lateral aortic, and sacral nodes. The lymphatic ves¬ 
sels from the skin of the neck drain into the cervical 
nodes; those from the trunk above the iliac crests 
drain into the axillary nodes; and those from below 
the level of the iliac crests drain into the superficial 
inguinal nodes. (See p. 182.) 


Nerves of the Back 

The skin and muscles of the back are supplied in a 
segmental manner by the posterior rami of the 
thirty-one pairs of spinal nerves. The posterior 
rami of the first, sixth, seventh, and eighth cervical 


nerves and the fourth and fifth lumbar nerves sup¬ 
ply the deep muscles of the back and do not supply 
the skin. The posterior ramus of the second cervical 
nerve (the greater occipital nerve) ascends over the 
back of the head and supplies the skin of the scalp. 

The posterior rami run downward and laterally 
and supply a band of skin at a lower level than the 
intervertebral foramen from which they emerge. 
Considerable overlap of skin areas supplied occurs, 
so that section of a single nerve causes diminished, 
but not total, loss of sensation. Each posterior ra¬ 
mus divides into a medial and a lateral branch, the 
first cervical and the fourth and fifth sacral and the 
first coccygeal nerves excepted. 

SPINAL CORD AND MENINGES 
Spinal Cord 

The spinal cord is a white structure that begins 
above at the foramen magnum, where it is contin¬ 
uous with the medulla oblongata of the brain. It 
terminates below in the adult at the level of the 
lower border of the first lumbar vertebra (Fig. 12- 
8). In the young child it is relatively longer and 
ends at the upper border of the third lumbar ver¬ 
tebra. The spinal cord is roughly cylindrical in 
shape. However, in the cervical region, where it 
gives origin to the brachial plexus, and in the lower 
thoracic and lumbar regions, where it gives origin 
to the lumbosacral plexus, there are fusiform en¬ 
largements, called the cervical and lumbar enlarge¬ 
ments. 

Inferiorly, the spinal cord tapers off into the 
conus medullaris, from the apex of which a prolon¬ 
gation of the pia mater, the filum terminale, de¬ 
scends to be attached to the back of the coccyx 
(Figs. 12-8 and 12-10). The cord possesses in the 
midline anteriorly a deep longitudinal fissure, the 
anterior median fissure, and on the posterior sur¬ 
face a shallow furrow, the posterior median sulcus. 

Along the whole length of the spinal cord are at¬ 
tached thirty-one pairs of spinal nerves by the an- 


Fig. 12-10. (A) Lower end of spinal cord and cauda 
equina. (B) Section through thoracic part of spinal 
cord, showing anterior and posterior roots of 
spinal nerves and meninges. (C) Transverse section 
through spinal cord, showing meninges and posi¬ 
tion of cerebrospinal fluid. 
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tenor. ; or motor, roots and the posterior, or sensory, 
roots (Fig. 12-10). Each root is attached to the cord 
by a series of rootlets, which extend the whole 
length of the corresponding segment of the cord. 
Each posterior nerve root possesses a posterior root 
ganglion, the cells of which give rise to peripheral 
and central nerve fibers. 

The spinal nerve roots pass from the spinal cord 
to the level of their respective intervertebral fora¬ 
mina, where they unite to form a spinal nerve. Hav¬ 
ing emerged from the intervertebral foramen, each 
spinal nerve immediately divides into its anterior 
and posterior rami, each containing both motor 
and sensory fibers. Because of the disproportionate 
growth in length of the vertebral column during 
development, as compared with that of the spinal 
cord, the length of the roots increases progressively 
from above downward. In the upper cervical re¬ 
gion the spinal nerve roots are short and run al¬ 
most horizontally, but the roots of the lumbar and 
sacral nerves below the level of the termination of 
the cord (lower border of the first lumbar vertebra 
in the adult) form a vertical leash of nerves around 
the filum terminale. These lower nerve roots to¬ 
gether are called the cauda equina (Fig. 12-10). 


Meninges 

The spinal cord, like the brain, is surrounded by 
three meninges: the dura mater, the arachnoid ma¬ 
ter, and the pia mater. 


DURA MATER OF THE SPINAL CORD 

The dura mater is a dense, strong, fibrous mem¬ 
brane that encloses the spinal cord and cauda 
equina (Figs. 12-4 and 12-10). It is continuous 
above through the foramen magnum with the 
meningeal layer of dura covering the brain. Inferi- 
orly, it ends on the filum terminale at the level of 
the lower border of the second sacral vertebra (Fig. 
12-8). The dural sheath lies loosely in the vertebral 
canal and is separated from the walls of the canal 
by the extradural space. This contains loose areolar 
tissue and the internal vertebral venous plexus. The 
dura mater extends along each nerve root and be¬ 
comes continuous with connective tissue surround¬ 
ing each spinal nerve (epineurium). The inner sur¬ 
face of the dura mater is in contact with the 
arachnoid mater (Fig. 12-10). 


ARACHNOID MATER OF 
THE SPINAL CORD 

The arachnoid mater is a delicate impermeable 
membrane covering the spinal cord and lying be¬ 
tween the pia mater internally and the dura mater 
externally (Fig. 12-4). It is separated from the pia 
mater by a wide space, the subarachnoid space, 
which is filled with cerebrospinal fluid (Figs. 12-8 
and 12-10). The subarachnoid space is crossed by 
a number of fine strands of connective tissue. The 
arachnoid mater is continuous above through the 
foramen magnum with the arachnoid covering the 
brain. Inferiorly, it ends on the filum terminale at 
the level of the lower border of the second sacral 
vertebra (Fig. 12-8). The arachnoid mater is con¬ 
tinued along the spinal nerve roots, forming small 
lateral extensions of the subarachnoid space. 


PIA MATER OF THE SPINAL CORD 

The pia mater is a vascular membrane that closely 
invests the spinal cord (Fig. 12-4). The pia mater is 
thickened on either side between the nerve roots to 
form the ligamentum denticulatum, which passes 
laterally to adhere to the arachnoid and dura. It is 
by this means that the spinal cord is suspended in 
the middle of the dural sheath. The pia mater ex¬ 
tends along each nerve root and becomes continu¬ 
ous with the connective tissue surrounding each 
spinal nerve (Fig. 12-10). 


CEREBROSPINAL FLUID 

The cerebrospinal fluid is produced by the choroid 
plexuses, within the lateral, third, and fourth ven¬ 
tricles of the brain. It escapes from the ventricular 
system of the brain through the three foramina in 
the roof of the fourth ventricle and so enters the 
subarachnoid space. (See p. 800.) It now circulates 
both upward over the surface of the cerebral hemi¬ 
spheres and downward around the spinal cord. 
The spinal part of the subarachnoid space extends 
down as far as the lower border of the second sac¬ 
ral vertebra (Fig. 12-8). Eventually, the fluid enters 
the bloodstream by passing into the arachnoid villi 
and diffusing through their walls. 

In addition to removing waste products associ¬ 
ated with neuronal activity, the cerebrospinal fluid 
provides a fluid medium that surrounds the spinal 














939 


Radiographic Appearances Of The Vertebral Column 


cord. This fluid, together with the bony and liga¬ 
mentous walls of the vertebral canal, effectively 
protects the spinal cord from trauma. 


Blood Supply of the Spinal Cord 

The posterior spinal arteries, which arise either di¬ 
rectly or indirectly from the vertebral arteries, di¬ 
vide to form two descending branches, which run 
down the side of the spinal cord, one behind and 
one in front of the attachments of the posterior 
spinal nerve roots. The anterior spinal arteries, 
which arise from the vertebral arteries, unite to 
form a single artery, which runs down within the 
anterior median fissure. 

The posterior and anterior spinal arteries arc 
reinforced by radicular arteries, which enter the 
vertebral canal through the intervertebral fora¬ 
mina. 

The veins of the spinal cord drain into the inter¬ 
nal vertebral venous plexus. 


RADIOGRAPHIC APPEARANCES 
OF Till: VERTEBRAE COLUMN 

Cervical Region 

The views commonly used are (1) the anteropos¬ 
terior and (2) the lateral. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position. The film cassette is 
placed behind the head and the neck, and the X- 
ray tube is centered over the front of the thyroid 
cartilage. The atlanto-axial articulation may be 
demonstrated by asking the patient to keep the 
mandible in motion while the film is being ex¬ 
posed, or by directing the X-ray tube through the 
open mouth. By using the latter method, the entire 
length of the odontoid process may be visualized 
lying between the lateral masses of the atlas. 

Below the level of the third cervical vertebra, the 
bodies of the vertebrae are well shown and the 
spines are clearly seen. The laminae can be identi¬ 
fied. The transverse processes, the foramina trans- 
versaria, and the articular processes overlap one 
another and are difficult to distinguish separately. 
The lumen of the trachea may be seen as a tubular 
transradiancy that narrows at the upper end, 
where it becomes continuous with the cavity of the 
larynx. 


The lateral view is taken with the patient sitting 
up and the shoulders dropped, so that the seventh 
cervical vertebra may be demonstrated. The film 
cassette is placed at the side of the neck in the para¬ 
sagittal plane. The X-ray tube is directed at the side 
of the neck at right angles to the long axis of the 
vertebral column and the film. 

The atlanto-occipital joint is difficult to make 
out. The anterior and posterior arches of the atlas 
are well shown (Fig. 12-11), and the body of the 
axis is easilv identified. The odontoid process of the 
axis extends upward, close to the posterior margin 
of the anterior arch of the atlas. The articular pro¬ 
cesses arc well shown, and the spinous processes 
can be clearly seen. The transverse processes are 
difficult to make out since they are superimposed 
on the vertebral bodies. The intervertebral disc 
spaces between the bodies of adjacent vertebrae are 
easily defined and are of equal height. 

The anterior and posterior surfaces of the verte¬ 
bral bodies and the posterior wall of the vertebral 
canal form smooth curved lines that are roughly 
parallel (Fig. 12-11). 


Thoracic Region 

The views commonly used are (1) the anteropos¬ 
terior and (2) the lateral. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position. The film cassette is 
placed behind the thorax, and the X-ray tube is 
centered over the front of the sternum. 

Because of the curvature of the thoracic part of 
the vertebral column, the upper and lower margins 
of the bodies of adjacent vertebrae overlap. The spi¬ 
nous processes and laminae are superimposed on 
the bodies. The transverse processes can be identi¬ 
fied, but they arc obscured by the heads and necks 
of the ribs. Note that the first rib and the tenth, 
eleventh, and twelfth ribs on each side articulate 
only with the bodies of the first, tenth, eleventh, 
and twelfth thoracic vertebrae, respectively; all the 
other ribs articulate with two vertebrae. 

The pedicles arc clearly seen as ovoid structures 
that are superimposed on the lateral parts of the 
bodies. 

The transradiant trachea and the heart shadow 
arc superimposed on the thoracic vertebrae. 

The lateral view is taken with the patient lying 
on his side, with the arms stretched above his head. 
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Fig. 12-11. Lateral radiograph of cervical region of 
vertebral column. 

If it is desirable to demonstrate the postural curves, 
the patient assumes the standing position. The film 
cassette is placed against the side of the thorax, and 
the X-ray tube is directed laterally through the ver¬ 
tebral column at right angles to the film. 

The rectangular vertebral bodies and the inter¬ 
vertebral disc spaces are clearly seen, even though 
the ribs and lungs are superimposed on them. The 
upper four vertebrae are obscurred by the shadows 
of the shoulder girdle. 

The pedicles and intervertebral foramina are 
well demonstrated. However, the spinous pro¬ 
cesses, the laminae, the transverse processes, and 


the ribs are superimposed on one another, and 
their detail is obscured. The vertebral canal is well 
shown. 


Lumbosacral Region 

The views commonly used are (1) the anteropos¬ 
terior and (2) the lateral. 

The anteroposterior view is taken with the pa¬ 
tient in the supine position. The film cassette is 
placed behind the lumbar region and buttocks, and 
the X-ray tube is centered over the umbilicus. To 
diminish the distortion produced by the lumbar 
curvature, the patient can be asked to flex his knees 
and hips, which may straighten the lumbar cur¬ 
vature to some extent. 
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Fig. 12-12. Anteroposterior radiograph of lower 
thoracic, lumbar, and sacral regions of vertebral 
column. 

The bodies, transverse processes, spinous pro¬ 
cesses, laminae, and intervertebral disc spaces are 
clearly seen (Fig. 12-12). The pedicles produce 
ovoid shadows, and the articular processes and 
posterior intevertebral joints can be delineated. 

Because of the obliquity of the sacroiliac joint, it 
is visualized as two lines, the lateral one corre¬ 
sponding to the anterior margin and the medial 
one to the posterior margin (Fig. 12-12). The lower 
segments of the sacrum and the coccyx are tilted 
posteriorly and are usually overlapped by the sym¬ 


physis pubis. In addition, the presence of gas and 
fecal material in the rectum and sigmoid colon 
commonly obscures the sacrum. In order to dem¬ 
onstrate the sacrum in a more direct anteroposte¬ 
rior view, the X-ray tube may be tilted. 

The lateral view is taken with the patient lying 
on his side. If it is desirable to demonstrate the pos¬ 
tural curves, the patient assumes the standing po¬ 
sition. The film cassette is placed against the side 
of the lumbar region, and the X-ray tube is directed 
laterally through the lumbar part of the vertebral 
column at right angles to the film. 

The large vertebral bodies, the intervertebral 
disc spaces, and the intervertebral foramina are 
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Fig. 12-13. Lateral radiograph of lower thoracic, 
lumbar, and sacral regions of vertebral column. 
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Fig, 12-14, Posteroanterior myelogram of the lum¬ 
bar region. 
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Fig. 12-15. Main features that can be seen in myelo¬ 
gram in Figure 12-14. 
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clearly seen (Fig. 12-13). The pedicles, the articular 
processes, and the spinous processes are easily vis¬ 
ualized. The transverse processes can be identified, 
but they are superimposed on the sides of the pre¬ 
ceding structures. The anterior and posterior sur¬ 
faces of the vertebral bodies and the posterior wall 
of the vertebral canal form smooth curved lines 
that are roughly parallel. 

Occasionally, the fifth lumbar vertebra is partly 
or completely fused with the first sacral vertebra. 
Not infrequently, the first sacral vertebra is sepa¬ 
rate from the remainder of the sacrum and has the 
appearance of a sixth lumbar vertebra. 

The sacrum on lateral view shows the promon¬ 
tory, the sacral canal, and the fused sacral bodies 
and spinous processes (Fig. 12-13). Note the local¬ 
ized anterior angulation between the body of the 
fifth lumbar vertebra and the first sacral vertebra. 


Coccyx 

The coccyx is not well shown on routine anteropos¬ 
terior and lateral radiographs. This is due to its 
oblique position relative to the film and to the pres¬ 
ence of gas and feces in the rectum and sigmoid 
colon. These difficulties may be partially overcome 


bv tilting the X-ray tube and evacuating the con¬ 
tents of the rectum and sigmoid colon. 


Radiographic Appearances of the 
Spinal Subarachnoid Space 

The subarachnoid space may be studied radio¬ 
graphically by the injection of contrast media into 
the subarachnoid space by lumbar puncture. Io¬ 
dized oil has been used with success. This tech¬ 
nique is referred to as myelography (Figs. 12-14 
and 12-15). 

If the patient is sitting in the upright position, 
the oil sinks to the lower limit of the subarachnoid 
space at the level of the lower border of the second 
sacral vertebra. By placing the patient on a tilting 
table, the oil can be made to gravitate gradually to 
higher levels of the vertebral column. 

A normal myelogram will show pointed lateral 
projections at regular intervals at the intervertebral 
space levels. This appearance is due to the opaque 
medium filling the lateral extensions of the sub¬ 
arachnoid space around each spinal nerve. The 
presence of a tumor or a prolapsed intervertebral 
disc may obstruct the movement of the oil from 
one region to another when the patient is tilted. 


CLINICAL NOTES _ 

Examination of the Back 

Aches and pains referred to the back region are 
verv common symptoms encountered in clinical 
practice. A thorough knowledge of the anatomy of 
the region, together with a conscientious physical 
examination of the patient, enables one to make a 
diagnosis in a substantial number of cases. Unfor¬ 
tunately, it must be admitted that the cause of 
many cases of low back pain is often difficult to 
determine. 

It is important that the whole area of the back 
and legs be examined and that the shoes be re¬ 
moved. Unequal length of the legs or disease of the 
hip joints may lead to abnormal curvatures of the 
vertebral column. The patient should be asked to 
walk up and down the examination room so that 
the normal tilting movement of the pelvis may be 
observed. As one side of the pelvis is raised, a co¬ 
ronal lumbar convexity develops on the opposite 


side, with a compensatory thoracic convexity on 
the same side. When a person assumes the sitting 
position, it will be noted that the normal lumbar 
curvature becomes flattened, with an increase in 
the interval between the lumbar spines. 

It is useful to remember that the vertebral col¬ 
umn consists of a series of small blocks poised one 
upon the other and that their position is main¬ 
tained primarily by the normal tone of the muscles, 
especially of the deep back muscles, which are act¬ 
ing on the vertebrae. Paralysis of the muscles, as in 
poliomyelitis, may lead to gross deformity, while 
irritation of nerves may lead to pain, muscle 
spasm, and postural changes. 

While it is easy to remember that the structures 
of the back are supplied by segmentally arranged 
posterior rami of the spinal nerves, the anterior 
rami and the structures they innervate are often 
overlooked. Chronic prostatitis in the male or 
chronic cervicitis of the uterus in the female may 
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lead to referred pain in the back. The importance 
of a thorough pelvic examination in cases of low 
back pain cannot be overemphasized. 

The vertebral column serves to protect the deli¬ 
cate spinal cord, but should this bony and ligamen¬ 
tous structure be severely damaged, uncautious 
movement of the vertebrae may result in their 
being the instrument for severing the spinal cord. 

The normal range of movement of the different 
parts of the vertebral column should be tested. In 
the cervical region, flexion, extension, lateral rota¬ 
tion, and lateral flexion are possible. Remember 
that about half of the movement we refer to as flex¬ 
ion is carried out at the atlanto-occipital joints. In 
flexion the patient should be able to touch his chest 
with his chin, and in extension he should be able 
to look directly upward. In lateral rotation the pa¬ 
tient should be able to place his chin nearly in line 
with his shoulder. Half of lateral rotation occurs 
between the atlas and the axis. In lateral flexion the 
head can normally be tilted 45 degrees to each 
shoulder. It is important that the shoulder is not 
raised when this movement is being tested. 

In the thoracic region the movements are limited 
by the presence of the ribs and sternum. Rotation 
is possible because the articular processes lie on an 
arc of a circle whose center is within the vertebral 
body. When testing for rotation, make sure that the 
patient does not rotate the pelvis. 

In the lumbar region, flexion, extension, lateral 
rotation, and lateral flexion are possible. Flexion 
and extension are fairly free. Lateral rotation is, 
however, limited by the interlocking of the articu¬ 
lar processes. Lateral flexion in the thoracic and 
lumbar regions is tested by asking the patient to 
slide, in turn, each hand down the lateral side of 
the thigh. 


Abnormal Curves of the 
Vertebral Column 

Kyphosis is the term used to describe an exaggera¬ 
tion in the sagittal curvature present in the thoracic 
part of the vertebral column. It maybe due to mus¬ 
cular weakness or structural changes in the verte¬ 
bral bodies or intervertebral discs. In sickly adoles¬ 
cents, for example, where the muscle tone is poor, 
long hours of study or work over a low desk may 
lead to a gently curved kyphosis of the upper tho¬ 
racic region. The person is said to be “round-shoul¬ 


dered.” Crush fractures or tuberculous destruction 
of the vertebral bodies leads to acute angular ky¬ 
phosis of the vertebral column. In the aged, osteo¬ 
porosis (abnormal rarefaction of bone) and/or de¬ 
generation of the intervertebral discs leads to senile 
kyphosis, involving the cervical, thoracic, and lum¬ 
bar regions of the column. 

Lordosis is the term used to describe an exagger¬ 
ation in the sagittal curvature present in the lum¬ 
bar region. Lordosis may be due to an increase in 
the weight of the abdominal contents, as with the 
gravid uterus or a large ovarian tumor, or it may 
be due to disease of the vertebral column such as 
spondylolisthesis. (See p. 949.) The possibility that 
it is a postural compensation for a kyphosis in the 
thoracic region or a disease of the hip joint (con¬ 
genital dislocation) must not be overlooked. 

Scoliosis is the term used to describe a lateral de¬ 
viation of the vertebral column. This is most com¬ 
monly found in the thoracic region and may be due 
to muscular or vertebral defects. Paralysis of mus¬ 
cles due to poliomyelitis may cause severe scoliosis. 
The presence of a congenital hemivertebra may 
cause scoliosis. Very often, scoliosis is compensa¬ 
tory and may be due to a short leg or hip disease. 


Vertebral Venous Plexus 

The longitudinal thin-walled, valveless vertebral 
venous plexus has been fully described on page 935. 
Because this plexus communicates above with the 
intracranial venous sinuses and segmentally with 
the veins of the thorax, abdomen, and pelvis, it is 
a clinically important structure. Batson has shown 
experimentally in cadavers and animals that pelvic 
venous blood enters not only the inferior vena cava 
but also the vertebral venous plexus and by this 
route may also enter the skull. This is especially 
likely to occur if the intra-abdominal pressure is 
increased. It is interesting to note that the internal 
vertebral venous plexus is not subject to external 
pressures when the intra-abdominal pressure rises. 
In fact, a rise in pressure on the abdominal veins 
would tend to force the blood backward out of the 
abdominal cavity into the veins within the verte¬ 
bral canal. The existence of this venous plexus may 
explain how carcinoma of the prostate may metas¬ 
tasize to the vertebral column and the cranial cav¬ 
ity. The spread of the malignant cells intravenously 
would be aided by any activity that increased the 
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intra-abdominal pressure, such as coughing or 
sneezing. 


Intervertebral Discs 

The structure of the intervertebral disc has been 
described on page 926. The physical properties of 
the disc allow one vertebra to rock upon another 
and at the same time serve as a most efficient 
shock-absorbing mechanism. The resistance of 
these discs to compression forces is undeniable, as 
seen, for example, in circus acrobats who can sup¬ 
port four or more of their colleagues on their shoul¬ 
ders. Nevertheless, the discs are vulnerable to sud¬ 
den shocks, particularly if the vertebral column is 
flexed and the disc is undergoing degenerative 
changes. 

The discs most commonly affected are those in 
areas where a mobile part of the column joins a 
relatively immobile part, i.e., the cervicothoracic 
junction and the lumbosacral junction. In these 
areas the posterior part of the anulus fibrosus rup¬ 
tures, and the nucleus pulposus is forced poste¬ 
riorly like toothpaste out of a tube. This is referred 
to as a herniation of the nucleus pulposus. The her¬ 
niation may result either in a central protrusion in 
the midline under the posterior longitudinal liga¬ 
ment of the vertebrae or in a lateral protrusion at 
the side of the posterior ligament close to the in¬ 
tervertebral foramen (Fig. 12-16). The escape of 
the nucleus pulposus will produce narrowing of the 
space between the vertebral bodies, which may be 
visible on radiography. Slackening of the anterior 
and posterior longitudinal ligaments results in ab¬ 
normal mobility of the vertebral bodies, producing 
local pain and subsequent development of osteoar¬ 
thritis. 

Cervical disc herniations are less common than 
herniations in the lumbar region. The discs most 
liable to this condition are those between the fifth 
and sixth or sixth and seventh vertebrae. Lateral 
protrusions cause pressure on a spinal root. Each 
spinal root emerges above the corresponding ver¬ 
tebra; thus, the C5-6 disc protrusion compresses 
the C6 nerve root. Pain is felt near the lower part 
of the back of the neck and shoulder and along the 
arm in the distribution of the nerve root involved. 
Central protrusions may press on the spinal cord 
and the anterior spinal artery and involve the py¬ 
ramidal tracts. 


Lumbar disc herniations are more common than 
cervical disc herniations (Fig. 12-16). The discs 
most usually affected are those between the fourth 
and fifth lumbar vertebrae and between the fifth 
lumbar vertebra and the sacrum. In the lumbar re¬ 
gion the roots of the cauda equina run posteriorly 
over a number of intervertebral discs (Fig. 12-16). 
A lateral herniation may press on one or two roots 
and often involves the nerve root going to the in¬ 
tervertebral foramen just below. The nucleus pul¬ 
posus occasionally herniates directly backward, 
and, if it is a large herniation, the whole cauda 
equina maybe compressed, producing paraplegia. 

There is usually an initial period of back pain 
due to the injury to the disc. The back muscles 
show spasm, especially on the side of the hernia¬ 
tion, due to pressure on the spinal nerve root. As a 
consequence, the vertebral column shows a sco¬ 
liosis, with its concavity on the side of the lesion. 
Pain is referred down the leg and foot in the distri¬ 
bution of the affected nerve. Since the sensory roots 
most commonly pressed upon are the fifth lumbar 
and the first sacral, pain is usually felt down the 
back and lateral side of the leg, radiating to the sole 
of the foot. This condition is often called sciatica. 
In severe cases there mav be paresthesia or actual 
sensory loss. 

Pressure on the motor roots causes muscle weak¬ 
ness. Involvement of the fifth lumbar motor root 
produces weakness of dorsiflexion of the ankle, 
while pressure on the first sacral motor root causes 
weakness of plantar flexion, and the ankle jerk may 
be diminished or absent (Fig. 12-16). 

A large, centrally placed protrusion may give rise 
to bilateral pain and muscle weakness in both legs. 
Acute retention of urine may also occur. 


Intervertebral Foramina_ 

The intervertebral foramina transmit the spinal 
nerves and the small segmental arteries and veins, 
all of which are embedded in areolar tissue. Each 
foramen is bounded above and below by the pedi¬ 
cles of adjacent vertebrae, in front by the lower 
part of the vertebral body and by the intervertebral 
disc, and behind by the articular processes and the 
joint between them. In this situation the spinal 
nerve is very vulnerable and may be pressed upon 
or irritated by disease of the surrounding struc¬ 
tures.. Herniation of the intervertebral disc, frac- 
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tures of the vertebral bodies, and osteoarthritis in¬ 
volving the joints of the articular processes or the 
joints between the vertebral bodies may all result 
in pressure, stretching, or edema of the emerging 
spinal nerve. 


Dislocations of the 
Vertebral Column 

Dislocations without fracture occur only in the 
cervical region, since the inclination of the articular 
processes of the cervical vertebrae permits dislo¬ 
cation to take place without their being fractured. 
In the thoracic and lumbar regions, dislocations 
can occur only if the vertically placed articular pro¬ 
cesses are fractured. 

Dislocations commonly occur between the 
fourth and fifth or fifth and sixth cervical verte¬ 
brae, where mobility is greatest. In unilateral dis¬ 
locations the inferior articular process of one ver¬ 
tebra is forced forward over the anterior margin of 
the superior articular process of the vertebra be¬ 
low. The spinal nerve on the same side is usually 
nipped in the intervertebral foramen, producing 
severe pain. Fortunately, the large size of the ver¬ 
tebral canal allows the spinal cord to escape dam¬ 
age in most cases. 

Bilateral cervical dislocations are almost always 
associated with severe injury to the spinal cord. 
Death occurs immediately if the upper cervical ver¬ 
tebrae are involved, since the respiratory muscles, 
including the diaphragm, are paralyzed. 


Fig. 12-16. (A) Posterolateral rupture of auulus fi- 
brosus, permitting nucleus pulposus to herniate 
backward and exert pressure on a spinal nerve. (B) 
Posterior rupture of anulus fibrosus, showing nu¬ 
cleus pulposus exerting pressure on spinal nerve 
roots of cauda equina. (C) Diagrammatic represen¬ 
tation of intervertebral disc, showing concentric 
rings of anulus fibrosus and centrally placed, 
rounded nucleus pulposus; exploded view. (D) Dia¬ 
grammatic representation of posterior view of ver¬ 
tebral bodies in lumbar region, showing relation¬ 
ship that might exist between herniated nucleus 
pulposus and spinal nerve roots. (E) Pressure on 
L5 motor nerve root produces weakness of dorsi- 
flexion of ankle joint; pressure on SI motor nerve 
root produces weakness of plantar flexion of the 
ankle joint. 


Fractures of the Vertebral Column 

Fractures of the spinous processes, transverse pro¬ 
cesses, or laminae are caused by direct injury or, in 
rare cases, by severe muscular activity. Compres¬ 
sion fractures of the vertebral bodies are usually 
caused bv an excessive flexion-compression type of 
injury and take place at the sites of maximum mo¬ 
bility or at the junction of the mobile and fixed re¬ 
gions of the column. It is interesting to note that 
the body of a vertebra in such a fracture is crushed, 
while the strong posterior longitudinal ligament re¬ 
mains intact. The vertebral arches remain unbro¬ 
ken and the intervertebral ligaments remain intact, 
so that vertebral displacement and spinal cord in¬ 
jury do not occur. 

Fracture dislocations are caused by an excessive 
flexion-compression type of injury and take place 
at the sites of maximum mobility or the junction of 
the mobile and fixed regions of the column. Since 
the articular processes are fractured and the liga¬ 
ments are torn, the vertebrae involved are unstable, 
and the spinal cord is usually severely damaged or 
severed, with accompanying paraplegia. 


Spondylolisthesis 

In spondylolisthesis, the body of a lower lumbar 
vertebra, usually the fifth, moves forward on the 
body of the vertebra below and carries with it the 
whole of the upper portion of the vertebral column. 
The essential defect is in the pedicles of the mi¬ 
grating vertebra. It is now generally believed that 
in this condition the pedicles are abnormally 
formed, and accessory centers of ossification are 
present that fail to unite. The spine, laminae, and 
inferior articular processes remain in position, 
while the remainder of the vertebra, having lost the 
restraining influence of the inferior articular pro¬ 
cesses, slips forward. Since the laminae are left be¬ 
hind, the vertebral canal is not narrowed, but the 
nerve roots may be pressed upon, causing low 
backache and sciatica. In severe cases the trunk be¬ 
comes shortened, and the lower ribs contact the 
iliac crest. 


Sacroiliac Joint _ 

The sacroiliac joint has been described on page 
322. The clinical aspects of this joint are referred to 




















950 


12. The Back 


again since disease of this joint can cause low back 
pain and may be confused with disease of the lum¬ 
bosacral joints. Essentially, the sacroiliac joint is a 
synovial joint that has irregular elevations on one 
articular surface that fit into corresponding de¬ 
pressions on the other articular surface. It is a very 
strong joint and is responsible for the transfer of 
weight from the vertebral column to the hip bones. 
The joint is innervated by the lower lumbar and 
sacral nerves, so that disease in the joint may pro¬ 
duce low back pain and sciatica. 

The sacroiliac joint is inaccessible to clinical ex¬ 
amination. However, a small area located just me¬ 
dial to and below the posterior superior iliac spine 
is where the joint comes closest to the surface. In 
disease of the lumbosacral region, movements of 
the vertebral column in any direction cause pain in 
the lumbosacral part of the column. In sacroiliac 
disease, pain is extreme on rotation of the vertebral 
column and is worst at the end of forward flex¬ 
ion. The latter movement causes pain, since the 
hamstring muscles hold the innominate bones in 
position while the sacrum is rotating forward as 
the vertebral column is flexed. 


Spinal Cord Injuries 

The degree of spinal cord injury at different verte¬ 
bral levels is largely governed by anatomical fac¬ 
tors. In the cervical region, dislocation or fracture 
dislocation is common, but the large size of the 
vertebral canal often results in the spinal cord es¬ 
caping severe injury. However, when there is con¬ 
siderable displacement, the cord is sectioned and 
death occurs immediately. Respiration ceases if the 
lesion occurs above the segmental origin of the 
phrenic nerves. 

In fracture dislocations of the thoracic region, 
displacement is often considerable, and the small 
size of the vertebral canal results in severe injury to 
the spinal cord. 

In fracture dislocations of the lumbar region, 
two anatomical facts aid the patient. First, the 
spinal cord in the adult extends only down as far 
as the level of the lower border of the first lumbar 
vertebra. Second, the large size of the vertebral fo¬ 
ramen in this region gives the roots of the cauda 
equina ample room. Nerve injury may therefore be 
minimal in this region. 

Injury to the spinal cord may produce partial or 


complete loss of function at the level of the lesion, 
and partial or complete loss of function of afferent 
and efferent nerve tracts below the level of the le¬ 
sion. The symptoms and signs of spinal shock and 
paraplegia in flexion and extension are beyond the 
scope of this book. For further information a text¬ 
book of neurology should be consulted. 


Lumbar Puncture 

Lumbar puncture may be performed to withdraw 
a sample of cerebrospinal fluid for examination or 
to inject drugs to combat infection or induce anes¬ 
thesia. Fortunately, the spinal cord terminates be¬ 
low at the level of the lower border of the first lum¬ 
bar vertebra in the adult. (In the infant it may 
reach as low as the third lumbar vertebra.) The 
subarachnoid space extends down as far as the 
lower border of the second sacral vertebra. The 
lower lumbar part of the vertebral canal is thus 
occupied by the subarachnoid space, which con¬ 
tains the lumbar and sacral nerve roots and the 
filum terminale (the cauda equina). A needle in¬ 
troduced into the subarachnoid space in this region 
usually pushes the nerve roots to one side without 
causing damage. 

With the patient lying on his side with the ver¬ 
tebral column well flexed, the space between ad¬ 
joining laminae in the lumbar region is opened to 
a maximum (Fig. 12-5). An imaginary line joining 
the highest points on the iliac crests passes over the 
fourth lumbar spine. With a careful aseptic tech¬ 
nique and under local anesthesia, the lumbar 
puncture needle, fitted with a stylet, is passed into 
the vertebral canal above or below the fourth lum¬ 
bar spine. The needle will pass through the follow¬ 
ing anatomical structures before it enters the sub¬ 
arachnoid space: (1) skin, (2) superficial fascia, (3) 
supraspinous ligament, (4) interspinous ligament, 
(5) ligamentum flavum, (6) areolar tissue contain¬ 
ing the internal vertebral venous plexus, (7) dura 
mater, and (8) arachnoid mater. The depth to 
which the needle will have to pass will vary from 
an inch or less in a child to as much as 4 inches (10 
cm) in a fat adult. 

As the stylet is withdrawn, a few drops of blood 
commonly escape. This usually indicates that the 
point of the needle is situated in one of the veins of 
the internal vertebral plexus and has not vet 
reached the subarachnoid space. If the entering 









Clinical Problems 951 


needle should stimulate one of the nerve roots of 
the cauda equina, the patient will experience a 
fleeting discomfort in one of the dermatomes, or a 
muscle will twitch, depending on whether a sen¬ 
sory or a motor root was impaled. 

The cerebrospinal fluid pressure may be mea¬ 
sured by attaching a manometer to the needle. In 
the recumbent position, the normal pressure is 
about 120 mm of water. 

A block of the subarachnoid space in the verte¬ 
bral canal, which may be caused by a tumor of the 
spinal cord or the meninges, may be detected by 
compressing the internal jugular veins in the neck. 
This raises the cerebral venous pressure and inhib¬ 
its the absorption of cerebrospinal fluid in the 
arachnoid granulations, thus producing a rise in 
the manometric reading of the cerebrospinal fluid 


pressure. If this rise fails to occur, the subarach¬ 
noid space is blocked and the patient is said to ex¬ 
hibit a positive Queckenstedt’s sign. 

It is interesting to note that the cerebrospinal 
fluid pressure normally fluctuates slightly with the 
heart beat and with each phase of respiration. 


Caudal Anesthesia 

Solutions of anesthetics may be injected into the 
sacral canal through the sacral hiatus. The solu¬ 
tions pass upward in the loose connective tissue 
and bathe the spinal nerves as they emerge from 
the dural sheath. Obstetricians use this method of 
nerve block to relieve the pains of the second stage 
of labor. Its advantage is that, administered by this 
method, the anesthetic does not affect the infant. 


CLINICAL PROBLEMS 

1. A 10-year-old boy was examined by a pediatri¬ 
cian because his mother had noticed that his 
back was abnormally “bent.” Questioning re¬ 
vealed that the boy had had a normal child¬ 
hood, but that at the age of 7 years had had 
acute osteomyelitis of the lower end of his right 
femur. Although antibiotics had been given, 
surgical intervention was necessary. On exami¬ 
nation, the child was noted to have a slight 
lumbar scoliosis with the convexity to the right 
and a slight thoracic scoliosis with the convex¬ 
ity to the left. With the child standing upright, 
it was noted that the pelvis was tilted down¬ 
ward on the right side. On examination of the 
legs, with the child in the supine position, the 
right leg showed 1 inch (2.5 cm) of shortening 
that was confined to the thigh. This was re¬ 
vealed by measuring the distance between the 
anterior superior iliac spine and the adductor 
tubercle of the femur on each side. An old sur¬ 
gical scar was present on the lower medial side 
of the right thigh. Using your knowledge of 
anatomy, explain the possible connection be¬ 
tween the scoliosis and the short right leg. Why 
do you think the right leg was shorter than the 
left? 

2. A 15-year-old girl, measuring 5 feet 11 inches 
(1.8 m) tall, was examined by a pediatrician 
because she was “round-shouldered.” On ques- 


Answers on page 979 

tioning, a history of numerous illnesses, includ¬ 
ing measles, whooping cough, and pneumonia, 
was obtained. She said she tired easily and 
found that her back ached when she worked 
at her desk at school. Using your knowledge 
of anatomy, can you explain why this child 
was round-shouldered? Why did she experience 
back pain while working at her school desk? 

3. In a 17-year-old boy a kyphosis of the thoracic 
part of the vertebral column suddenly devel¬ 
oped. On questioning, he was found to have a 
history of tuberculosis of the right lung, which 
had been successfully treated when he was 12 
years of age. Knowing that the tubercle bacillus 
can infect and destroy bone, can you explain 
the deformity? 

4. A 70-year-old man visited his physician com¬ 
plaining of pain in his back and down the outer 
side of his right leg. On questioning, he gave a 
history of difficulty in micturition, which had 
started about 1 month previously. A rectal 
examination revealed that the prostate was 
harder and more fixed than normal. A diagno¬ 
sis of carcinoma of the prostate with metas- 
tases in the lower lumbar vertebrae was made. 
Radiographic examination revealed secondary 
malignant deposits in the fifth lumbar verte¬ 
bral body and in both innominate bones. Using 
your knowledge of anatomy, can you explain 
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the most likely route taken bv the cancer cells 
as they spread to the innominate bones and 
lumbar vertebrae? Can you explain the abnor¬ 
mal fixation of the prostate and the right-sided 
sciatica? 

5. A 45-vear-old professor of anatomy woke up 
one morning with a severe pain near the lower 
part of the back of the neck and right shoulder. 
The pain was also referred along the outer side 
of the right upper arm. Movement of the neck 
caused an increase in the intensity of pain, 
which was also accentuated by coughing. A 
lateral radiograph of the neck showed a slight 
narrowing of the space between the fifth 
and sixth cervical vertebral bodies. Using your 
knowledge of anatomy, state which nerve root 
was involved. Also state the nature of the dis¬ 
ease. 

6. A medical student offered to move a grand 
piano for his landlady. He had just finished his 
final anatomy examinations and was in poor 
physical shape. Undaunted and being a kindly 
person, he struggled with the antique mon¬ 
strosity. Suddenly, he experienced an acute pain 
in the back, which extended down the back and 
outer side of his left leg. Immediately realizing 
what had happened, he withdrew from the op¬ 
eration, leaving the landlady to complete the 
move. On being examined by an orthopedic 
surgeon, the student was found to have a slight 
lumbar scoliosis with the convexity on the right 
side. The deep muscles of the back in the left 
lumbar region felt firmer than normal and 
were tender to touch. When asked to place one 
finger where the pain hurt most, the student 
pointed to the left lumbar region opposite the 
fifth lumbar spine. He also ran his hand down 
the lateral side of his left leg and ankle and onto 
the sole of the foot. He said the pain was accen¬ 
tuated by coughing. There was no evidence of 
muscle weakness, but the left ankle jerk was 
diminished. With the student supine, flexing 
the left hip joint with the knee extended caused 
a marked increase in the pain. A lateral radio¬ 
graph of the lumbar vertical column revealed 
nothing abnormal. Using your knowledge of 
anatomy, make a diagnosis. In anatomical 
terms, explain the signs and symptoms. 

7. An 11-year-old boy was showing off in front of 
friends and diving into the shallow end of a 


swimming pool. After one particularly daring 
dive, he surfaced quickly and climbed out of 
the pool, holding his head between his hands. 
He said he had hit the bottom of the pool with 
his head and now had severe pain in the root of 
the neck, which was made worse by attempting 
to move his neck. On examination, the boy held 
his head rotated to the right and complained of 
severe pain in the region of the back of the neck 
and left shoulder. Any attempt to move the 
neck passively in any direction greatly accen¬ 
tuated the pain, so that all movements were re¬ 
stricted. The deep muscles on the left side of 
the back of the neck were tender and in spasm. 
No other neurological signs or symptoms were 
present. What is your diagnosis? What other 
tests would vou advise to confirm the diagno¬ 
sis? 

8. A 50-vear-old coal miner was crouching down 
at the mine face, servicing a drilling machine. 
Suddenly, part of the roof of the mine shaft col¬ 
lapsed, and a large rock struck him on the up¬ 
per part of his back. The miner was dug out 
alive. Examination by a physician showed an 
obvious forward displacement of the upper 
thoracic spines on the sixth thoracic spine. 
What is your diagnosis? What neurological 
signs and symptoms would you expect to find? 
What anatomical factors in the thoracic region 
determine the degree of injury that may occur 
in this region? 

9. A 75-vear-old woman was dusting the top of a 
high closet while balanced on a chair. She lost 
her balance and fell to the floor, catching her 
right lumbar region on the edge of the chair. 
On examination 3 hours later, a large swollen 
bruised area was found in the right lumbar re¬ 
gion, which was extremely tender to touch. 
After resting in bed for a week the patient still 
complained of pain in the right lumbar region 
on movement. What tests would you, as the ex¬ 
amining physician, have performed on this 
woman at the time of the accident? What is the 
most likely reason for the persistence of the se¬ 
vere pain? 

10. A 25-year-old woman visited her physician 
complaining of low back pain off and on for the 
past 5 years, which she said was getting worse. 
On examination, the patient was found to have 
a severe lumbar lordosis, with excessive prom- 
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inence of the first sacral spine. A prominent 
fold of skin was seen on either side above the 
iliac crests, and the last ribs appeared to rest on 
the iliac crests. Using your knowledge of anat¬ 
omy, make the diagnosis. What are the under¬ 
lying embryological reasons for the condition? 

11. Name, in order, the structures pierced when a 
lumbar puncture needle is introduced into the 
subarachnoid space below the fourth lumbar 
spine. 

12. An intelligent woman, aged 45 years, visited 
her physician complaining of low back pain of 
3 months’ duration. Prior to this time she had 
never experienced any aches or pains in the 
back. In fact, she volunteered that she had al¬ 
ways been interested in athletics and was an 
active member of the local tennis club. A group 


of medical students was invited to examine and 
question the patient. Nothing abnormal could 
be detected. 

The physician then asked the patient about 
her general health and whether or not she had 
noticed anything else abnormal. She said she 
was otherwise perfectly fit and had noticed 
nothing abnormal. The physician then widened 
the field of his examination. He listened to her 
chest, examined her thyroid gland, and finally 
examined both breasts carefully. A large, hard, 
fixed mass was found in the upper quadrant of 
the left breast. Several hard enlarged pectoral 
lymph nodes were also found in the left axilla. 
A diagnosis of cancer of the left breast was 
made. What is the connection between cancer 
of the left breast and low back pain? 


NATIONAL BOARD TYPE QUESTIONS 

Multiple Choice: 

1. The first cervical vertebra (atlas) has all of the 
following except: 

(a) Lateral masses 

(b) Inferior articular facets 

(c) Anterior arch 

(d) Spinous process 

(e) Superior articular facets 

2. The following statements are true of an inter¬ 
vertebral disc except: 

(a) During aging, the fluid within the nucleus 
pulposus is replaced by fibrocartilage. 

(b) The discs are thickest in the lumbar re- 
gion. 

(c) The atlanto-axial joint possesses no disc. 

(d) The discs play a major role in the devel¬ 
opment of the curvatures of the vertebral 
column. 

(e) The nucleus pulposus is most likely to her¬ 
niate in an anterolateral direction. 

3. The cauda equina consists of which of the fol¬ 
lowing components? 

(a) A bundle of posterior roots of lumbar, sac¬ 
ral, and coccygeal spinal nerves. 

(b) The filum terminale. 

(c) A bundle of anterior and posterior roots 
of lumbar, sacral, and coccygeal spinal 
nerves. 
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(d) A bundle of lumbar, sacral, and coccygeal 
spinal nerves and the filum terminale. 

(e) A bundle of anterior and posterior roots 
of lumbar, sacral, and coccygeal spinal 
nerves and the filum terminale. 

4. The spinal cord in the adult ends inferiorly at 
the level of the: 

(a) L5 vertebra 

(b) L3 vertebra 

(c) S2-3 vertebrae 

(d) T12 vertebra 

(e) LI vertebra 

5. Herniation of the intervertebral disc between 
the fifth and sixth cervical vertebrae will com¬ 
press the: 

(a) Fourth cervical nerve root 

(b) Sixth cervical nerve root 

(c) Fifth cervical nerve root 

(d) Seventh and eighth cervical nerve roots 

(e) Seventh cervical nerve root 

6. The subarachnoid space ends inferiorly in the 
adult at the level of: 

(a) The coccyx 

(b) The lower border of LI 

(c) S2-3 

(d) S5 

(e) The promontory of the sacrum 
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In each of the following questions, answer: 

(a) IF (1), (2), AND (3) ONLY ARE CORRECT 

(b) IF (1) AND (3) ONLY ARE CORRECT 

(c) IF (2) AND (4) ONLY ARE CORRECT 

(d) IF (4) ONLY IS CORRECT, AND 

(e) IF ALL ARE CORRECT 

7. (1) When one is performing a lumbar punc¬ 

ture, the needle is usually inserted be¬ 
tween the laminae of the third and fourth 
or fourth and fifth lumbar vertebrae. 

(2) Straining during defecation may result in 
the metastasis of malignant cells from the 
prostate via the internal vertebral venous 
plexus to the cranial cavity. 

(3) A dislocation that occurs in the thoracic 
region of the vertebral column is more 
likely to result in spinal cord damage than 
one that occurs in the cervical region. 

(4) The sacral hiatus is an aperture situated at 
the inferior end of the anterior surface of 
the sacrum. 

8. (1) The intervertebral foramina are bounded 

above and below by the pedicles of adja¬ 
cent vertebrae, in front by the vertebral 
bodies and intervertebral discs and behind 
by the articular processes. 

(2) The atlanto-axial joints permit flexion and 
extension of the head. 

(3) Injection of an anesthetic into the sacral 
canal (caudal anesthesia] can be used to 
block pain and sensation from the cervix, 
vagina, and perineum during childbirth. 

(4) The vertebral artery ascends the neck 


through the foramen transversaria of all 
the cervical vertebrae. 

9. The bodies of adjacent vertebrae are joined to¬ 
gether by: 

(1) The ligamenta flavum. 

(2) The anterior longitudinal ligament. 

(3) The interspinous ligaments. 

(4) The posterior longitudinal ligament. 

In each of the following questions, answer: 

(a] IF (1] IS CORRECT ONLY 

(b) IF (2) IS CORRECT ONLY 

(c) IF BOTH (1] AND (2) ARE CORRECT, AND 

(d] IF NEITHER (1) NOR (2) IS CORRECT 

10. Concerning the curves of the vertebral column: 

(1] The early fetal spine has only one curve. 

(2) The aged gradually lose their secondary 
curves. 

11. Concerning the functions of the vertebral col¬ 
umn: 

(1) It protects the spinal cord. 

(2] Throughout life, the marrow of the verte¬ 
bral body has a hemopoetic function. 

12. Concerning the atlanto-axial joints: 

(1] The apical ligament connects the apex of 
the odontoid process to the anterior arch 
of the atlas. 

(2) The transverse part of the cruciate liga¬ 
ment is attached on each side to the inner 
aspect of the lateral mass of the atlas and 
binds the odontoid process to the anterior 
arch of the atlas. 
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Chapter 1 


1. See Figure A. 



Fig. A. Position of abdominal incision. 


2. Self-demonstration. 

3. Self-demonstration. 

4. Self-demonstration. 

5. The virus of poliomyelitis attacks and destroys 
the motor anterior horn cells of the spinal cord. 


This resulted in this case in paralysis of the 
muscles that normally laterally flex the verte¬ 
bral column on the right side. The muscles on 
the left side, being now unopposed, slowly 
caused the left lateral flexion deformity. 

6. Self-demonstration. 

7. Inversion. 

8. Self-demonstration. The patient is unable to 
separate her fingers. 

9. The appendectomy incision was made along 
one of the lines of cleavage with minimum dis¬ 
ruption of the dermal collagen. The gallbladder 
incision was made at right angles to the lines 
of cleavage with maximum disruption of the 
dermal collagen. The surgeon was aware of this 
effect, but he decided on the vertical incision to 
permit greater exposure. The safety of the pa¬ 
tient must have a higher priority than the cos¬ 
metic defects of the future scar. 

10. A horizontal incision should be made, if possi¬ 
ble, following one of the skin creases in the 
neck. 

11. (a) Regeneration would take place from the 
epidermal cells of the hair follicles, sebaceous 
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glands, and sweat glands, and from the epider¬ 
mal cells at the edges of the burn, (b) Regen¬ 
eration would take place from the epidermal 
cells of the ends of the sweat glands that lie in 
the superficial fascia and from those at the 
edges of the burn. A split-thickness skin graft is 
the treatment of choice. 

12. Hair follicles and sweat glands. 

13. The tumor has destroyed or is interrupting the 
normal function of the efferent motor fibers 
and afferent sensory fibers of the lumbar seg¬ 
ments of the spinal cord. This would explain 
the loss of motor function of the muscles on the 
front of the thigh (the quadriceps femoris), the 
wasting of these muscles, and the loss of the 
knee jerk (segments 1.2—1J. The loss of skin sen¬ 
sation is confined to the dermatomes LI, 2, 3, 
and 4. The absence of muscle tone is due to 
interruption of the nervous reflex arc upon 
which muscle tone is based. (See text.) 

14. Destruction of the nerve connections between 
the higher nervous centers and the spinal cord 
deprives the lower motor neurons of inhibitoiy 
impulses. This results in an increased activity 
of the simple reflex arc upon which skeletal 
muscle tone is dependent. By this means the 
tone of the muscle is increased above the nor¬ 
mal level. 

15. Repeated unaccustomed extension of the wrist 
has produced traumatic tenosynovitis of the 
synovial sheaths of the long extensor tendons of 
the fingers. 

16. The patient had a traumatic bursitis of the pre¬ 
patellar bursa as the result of repeated minor 
trauma applied to the knee while kneeling on a 
hard surface. 

17. A severe tear of a cartilaginous disc never heals. 
It is usual to operate and remove the affected 
disc if it is interfering with the normal func¬ 
tioning of the joint. 

18. The infection under the nail has spread into the 
lymphatic vessels and to the draining lymph 
nodes. The lymphatic vessels were red and 
inflamed (lymphangitis) and could be seen 
through the skin. The lymph nodes were in¬ 
flamed (lymphadenitis) and were tender and 
swollen. 

19. Coronary arteries are functional end arteries. If 
a coronary artery should become blocked, the 
caliber of its anastomosing branches is insuffi¬ 


cient to keep the cardiac muscle alive and it 
undergoes necrosis. 

20. A 19-year-old person under normal conditions 
possesses only yellow nonhematopoietic mar¬ 
row in the distal bones of the limbs. A satisfac¬ 
tory biopsy specimen of red marrow can be ob¬ 
tained at this age from the sternum or iliac 
crests. 


Chapter 2 

1. Self-examination. 

2. Seventh thoracic vertebra. 

3. Right atrium. 

4. The suprapleural membrane was damaged by 
the shrapnel and was not repaired at operation. 
Subsequently, herniation of the cervical pleura 
and apex of the lung took place, which resulted 
in the skin above the clavicle bulging upward 
during forced expiration. 

5. The needle was inserted incorrectly and dam¬ 
aged the eighth intercostal nerve. This pro¬ 
duced altered sensation (paresthesia) in the 
eighth thoracic dermatome. Needles should al¬ 
ways be inserted close to the upper border of a 
rib, i.e., as far away from the neurovascular 
bundle as possible. 

6. Palpate the posterior axillary lymph nodes, 
which lie against the posterior wall of the ax¬ 
illa. The fingers are pressed upward and pos¬ 
teriorly in the armpit. This group of nodes 
drains the skin of the back above the level of 
the iliac crests. 

7. The thoracic wall of a child is very elastic, and 
fractures of ribs in children are rare. 

8. In old age the costal cartilages may undergo os¬ 
sification. 

9. Normally, the left dome of the diaphragm lies 
at a lower level than the right dome and usually 
it lies opposite the lower border of the fifth rib. 
The possibility that the left lung is collapsed, or 
that there is a collection of fluid or gas under 
the left dome of the diaphragm, should be con¬ 
sidered in cases like the one presented. 

10. The parietal pleura covering the internal sur¬ 
face of the tenth intercostal space is innervated 
by the tenth intercostal nerve. Under normal 
conditions a person is not conscious of the 
parietal pleura. However, should the parietal 
pleura become involved in a disease process, 
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the brain assumes incorrectly that the painful 
stimuli are arising from the dermatome of 
the tenth thoracic nerve. This phenomenon is 
known as referred pain. 

11. The anatomical and physiological changes that 
take place in the thorax with advancing years 
are fully described on page 78. 

12. Hiccup is the involuntary spasmodic contrac¬ 
tion of the diaphragm accompanied by the ap¬ 
proximation of the vocal folds and closure of 
the glottis in the larynx. 


Chapter 3 

1. This patient, a smoker, has an advanced car¬ 
cinoma of the bronchus in the upper lobe of 
the left lung that has metastasized (spread) to 
the bronchomediastinal lymph nodes. Enlarge¬ 
ment of these nodes has resulted in pressure on 
the left recurrent laryngeal nerve as it passes 
under the arch of the aorta. Partial injury of the 
recurrent laryngeal nerve results in paralysis of 
the abductor muscles of the vocal cords, leaving 
the adductor muscles unopposed. The left vocal 
cord was therefore adducted and immobile. 

2. This patient has a syphilitic aneurysm (dilata¬ 
tion) of the arch of the aorta. With each cardiac 
systole the swelling expands and recoils and 
pushes downward the bifurcation of the tra¬ 
chea and the left main bronchus. Hence the tra¬ 
cheal tug. 

3. This patient has a veiy large goiter (enlarge¬ 
ment of the thyroid gland), which extends 
down the neck into the superior mediastinum. 
The. left lobe of the thyroid is larger than the 
right. When she falls asleep she has a tendency 
to flex her neck laterally to the left, which kinks 
the trachea over the enlarged left lobe of the 
thyroid in the superior mediastinum. By expe¬ 
rience, she has found that she can maintain the 
patency of the trachea by flexing her neck to the 
right and supporting her head on pillows. The 
veins of the neck are congested due to partial 
obstruction of the brachiocephalic veins by the 
goiter. 

4. Disease of the lung does not cause pain until the 
parietal pleura is involved. Lung tissue and the 
visceral pleura are not innervated with pain fi¬ 
bers. The costal parietal pleura is innervated by 
the intercostal nerves, which have pain endings 


in the pleura. The boy had pneumonia of the 
right middle lobe, which later spread to the 
pleurae, causing pleurisy. Once the parietal 
pleura was involved he experienced pain he 
could localize. Movement of the inflamed 
pleural surfaces against one another, as in deep 
inspiration or coughing, accentuated the pain. 

5. Esophageal stenosis commonly follows damage 
to the esophageal wall after drinking caustic 
fluids. The fluid tends to cause the maximum 
damage where it is briefly held up by normal 
anatomical constrictions. These are at the be¬ 
ginning where the pharynx joins the esophagus, 
where the aorta and left bronchus cross the 
esophagus, and where the esophagus goes 
through the diaphragm into the stomach. 
Esophagoscopy revealed that the patient had 
stenosis at the lower sites, the one at the higher 
level being the more severe. 

6. When the mother’s back was turned, the child 
placed the small pin in his mouth. The child 
failed to keep still while the mother was look¬ 
ing for the pin. She smacked him, and the 
shock caused him to take a deep breath and 
inhale the pin. It rapidly passed down the tra¬ 
chea and into the right main bronchus, where 
it lodged. The pin was easily recognized on 
postero-anterior and right-oblique radiographs 
of the chest and was successfully removed 
through a bronchoscope. The right principal 
bronchus is the more vertical and wider of the 
two principal bronchi. For this reason, foreign 
bodies tend to be lodged in the right principal 
bronchus rather than in the left. 

7. If, after careful radiographic examination, it is 
found that a lesion is localized to one or more 
bronchopulmonary segments, it is certainly 
possible to resect the area surgically. The sur¬ 
geon obviously must have a sound knowledge 
of the bronchopulmonary segments and how 
they lie in relation to one another. 

8. The posterior wall of the left atrium lies in con¬ 
tact with the anterior wall of the esophagus, 
separated only by the pericardium. Fluoros¬ 
copy, or a lateral radiograph of the thorax, fol¬ 
lowing a barium swallow would make possible 
the determination of the size of the smooth in¬ 
dentation of the anterior wall of the barium- 
filled esophagus produced by the enlarged 
atrium. 
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9. The upper lobe of the left lung is situated above 
and in front of the oblique fissure. The stetho¬ 
scope should therefore be placed on the ante¬ 
rior chest wall above the level of the sixth rib. 
(See p. 57.) 

10. (a) No. (b) Contrast media are introduced into 
the bronchial tree, followed bv radiography. 
This is known as bronchography. 

11. The patient has had a left-sided pneumothorax. 
The air has entered the left pleural cavity as the 
result of rupture of one of the emphysematous 
evsts of the left lung, (a) The air in the left 
pleural cavity displaced the mobile medias¬ 
tinum over to the right, (b) The left lung col¬ 
lapsed immediately when air entered the left 
pleural cavity, since the air pressures within the 
bronchial tree and in the pleural cavity were 
then equal. The elastic recoil of the lung tissue 
caused the lung to collapse, (c) Atmospheric 
pressure. 

12. Carcinoma of the esophagus tends to spread via 
the lymphatic vessels through the esophageal 
opening in the diaphragm and so enter the ce¬ 
liac lymph nodes. The best chance of removing 
all the cancerous tissue is therefore to remove 
(1) the primaiy tumor and an area of normal 
adjacent esophagus and (2) the lymphatic ves¬ 
sels and nodes that drain the diseased area, 
plus the other organs draining into the same 
nodes. 

13. The lower third of the esophagus is the site of 
a portal-systemic anastomosis between the 
esophageal veins of the azygos system and the 
left gastric vein. Portal hypertension due to cir¬ 
rhosis of the liver means that the portal circu¬ 
lation through the liver is obstructed by fibrous 
tissue. As the result of this, there is a dilatation 
of the portal-systemic anastomoses to allow 
blood to return to the circulation via systemic 
veins. Many of the dilated veins lie within the 
mucous membrane and submucosa and be¬ 
come easily damaged by swallowed food. Co¬ 
pious hemorrhage from these veins is difficult 
to treat and is often terminal. 

14. In a newborn babv, the ribs are practically hor¬ 
izontal, so that very little movement of the cos¬ 
tal walls takes place on respiration. For the first 
2 years of life, a baby relics mainly on the de¬ 
scent of the diaphragm for inspiration. In order 


to accommodate the abdominal viscera, espe¬ 
cially the relatively large liver, there has to be a 
graduated relaxation of the anterior abdominal 
wall musculature. The alternate relaxation and 
contraction of the abdominal wall muscles 
with the phases of inspiration and expiration 
were the movements observed by the mother. 

15. Asthmatic patients have difficulty in getting air 
in and out of their lower respiratory tract due 
to contraction of their bronchial musculature. 
Inspiration is especially difficult. By grasping 
the table and. chair, the patient was fixing his 
upper limbs and shoulder girdle so that he 
could use to better mechanical advantage his 
accessory muscles of inspiration, namely, the 
pectoralis major and minor and the serratus 
anterior muscles. 

16. Excessive amounts of pericardial fluid embar¬ 
rass the action of the heart by preventing ade¬ 
quate filling of the atria. Under local anes¬ 
thesia, the needle should be inserted to the left 
of the xiphoid process at an angle of 45 degrees 
to the skin, so that it passes upward, backward, 
and to the left. Its passage misses the pleura 
and lungs because of the cardiac notch. 

17. Cardiac pain is sometimes felt over the heart; 
it is never felt in the heart. It is usually experi¬ 
enced over the middle of the sternum and may 
radiate down the inside of either arm or up into 
the neck. The nervous pathways taken by the 
afferent pain fibers are fully described on page 
138. 

18. Yes, in selected cases. For details see page 138. 

19. The aortic valve is best heard by placing the 
stethoscope in the second right intercostal 
space, close to the sternum. 

20. Over the apex beat of the heart. 

21. Severe obesity restricts the movements of the 
thoracic cage and abdominal musculature. The 
presence of large amounts of retroperitoneal 
and omental fat within the abdomen limits the 
descent of the diaphragm and decreases the ex¬ 
tent of inspiration. As the result of alveolar hy¬ 
poventilation, moist air stagnates in the small 
bronchioles and alveoli, and infection is a com¬ 
mon complication. 

22. In this patient, the spinal cord was severed 
above the level of the origin of the phrenic nerve 
(C3, 4, and 5), causing paralysis of the dia- 
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phragm. All the intercostal muscles, which are 
supplied bv the intercostal nerves (Tl-11), 
were also paralyzed. 


Chapter 4 

1. All lower thoracic injuries require a thorough 
abdominal examination, since the lower tho¬ 
racic wall forms part of the anterior and lateral 
walls of the abdomen. The liver, spleen, kid¬ 
neys, and part of the stomach are protected by 
the lower part of the thoracic cage. The spleen 
lies along the inner surface of the left ninth, 
tenth, and eleventh ribs. Trauma applied in this 
region may well cause rupture of the spleen, 
with consequent intra-abdominal hemorrhage 
and a fall in blood pressure. 

2. The fundus of the gallbladder lies against the 
anterior abdominal wall next to the tip of the 
right ninth costal cartilage, i.e., where the linea 
semilunaris crosses the costal margin on the 
right side. The peritoneum on the undersurface 
of the diaphragm (central part) is supplied by 
the phrenic nerve (C3, 4, and 5). In this patient 
it must be assumed that the inflamed gallblad¬ 
der was irritating this area of the peritoneum. 
The pain was referred to the shoulder along the 
supraclavicular nerves (C3 and 4), which sup¬ 
ply the skin of this region. 

3. The right hypochondrium is located lateral to 
the right vertical line (line passing through the 
midpoint between the anterior superior iliac 
spine and the svmphysis pubis) and above the 
subcostal plane (line joining the inferior mar¬ 
gin of the tenth costal cartilage on each side 
and lying opposite the third lumbar vertebra). 
The referred pain is due to the phrenic and su¬ 
praclavicular nerves’ having the same segmen¬ 
tal nervous origin in the spinal cord. (See 2.) 

4. A ruptured appendix produces a peritonitis, 
which is localized at first, but may become 
generalized later. Inflammation of the parietal 
peritoneum causes pain over the area and reflex 
spasm of the anterior abdominal muscles. The 
parietal peritoneum, the abdominal muscles, 
and the overlying skin are supplied by the same 
segmental nerves (Til and 12 and LI). This is 
essentially a protective mechanism and an at¬ 
tempt by the bodv to keep that area of the ab¬ 


domen at rest so that the inflammatory lesion 
will remain localized. 

5. The lymphatic drainage of the skin of the um¬ 
bilicus is upward to the anterior axillary lymph 
nodes on both sides and downward to the su¬ 
perficial inguinal nodes on both sides. Today, it 
would be difficult for a physician to vaccinate 
an actress in a spot that would not show! 

6. The patient’s fall ruptured the urethra in the 
superficial perineal pouch. When he attempted 
to micturate, the urine extravasated through 
the superficial perineal pouch beneath the 
Colies’ fascia. The urine then passed over the 
scrotum and penis under the membranous 
layer of the superficial fascia and up onto the 
anterior abdominal wall. It did not pass back¬ 
ward because of the attachment of the fascia to 
the posterior edge of the perineal membrane, 
and did not extend into the thighs because of 
the attachment of the fascia to the fascia lata, 
just below the inguinal ligament. 

7. A sudden unexpected blow on the anterior ab¬ 
dominal wall causes excessive stretching of this 
structure. In this case the right inferior epigas¬ 
tric artery was ruptured, and bleeding occurred 
into the rectus sheath. If a person is expecting 
a blow, he automatically contracts his abdom¬ 
inal muscles and protects the underlying struc¬ 
tures. 

8. The shrapnel cut the ninth, tenth, and eleventh 
intercostal nerves just inferior to the costal 
margin on the right side. The diminished skin 
sensation was due to the loss of the sensor}' 
nerve supply to the ninth, tenth, and eleventh 
thoracic dermatomes, i.e., a band of skin ex¬ 
tending forward to the region of the umbilicus. 
Extensive portions of the oblique, transversus, 
and rectus abdominis muscles on the right side 
were paralyzed. Atrophy of these muscles re¬ 
sulted in loss of support to the abdominal vis¬ 
cera, which consequently sagged forward (vis¬ 
ceroptosis). 

9. The presence of duodenal contents in the peri¬ 
toneal cavity causes great irritation of the 
parietal peritoneum (chemical peritonitis). 
This produces pain and reflex contraction of 
the muscles in the upper part of the anterior 
abdominal wall and interferes with the normal 
thoracoabdominal rhythm during respiration. 
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The increased tone of the abdominal muscles is 
responsible for the boardlike rigidity felt in pa¬ 
tients with peritonitis. It is an attempt to keep 
the area at rest and so diminish the chances of 
spreading the irritating fluid throughout the 
peritoneal cavity. (See also 4.) 

10. The child had a right indirect inguinal hernia 
with a preformed sac, due to the failure of the 
upper part of the processus vaginalis to become 
obliterated prior to birth. The contents of such 
a hernia usually consist of omentum and coils 
of small intestine. With gentle pressure it is 
possible to push the contents back into the ab¬ 
dominal cavity. The movement of gas in the 
bowel is responsible for the gurgling sounds. 
When the child cried, additional abdominal 
contents were forced down into the hernial sac. 
An indirect inguinal hernial sac as it emerges 
from the superficial inguinal ring lies above 
and medial to the pubic tubercle. 

11. following excessive exertion and an increase in 
intra-abdominal pressure, a hernial sac was 
forced down through the left femoral canal. 
The patient had a left-sided femoral hernia. 
The neck of a femoral hernial sac is always sit¬ 
uated below and lateral to the pubic tubercle. 

12. The patient had a right indirect inguinal her¬ 
nia. The upper part of the processus vaginalis 
was only partially obliterated prior to birth. 
The great increase in intra-abdominal pressure 
that occurred while digging resulted in a coil of 
small intestine being forced down the proces¬ 
sus, opening up the peritoneal sac. By exerting 
pressure on the body of the hernial sac, the con¬ 
tents were returned to the abdominal cavity. 
Since the neck of the sac was situated lateral to 
the inferior epigastric vessels and above and 
medial to the midpoint of the inguinal liga¬ 
ment, it was possible to press on the deep in¬ 
guinal ring and prevent the abdominal contents 
from reentering the sac. 

13. The patient had a left-sided direct inguinal her¬ 
nia. The hernial sac expands on coughing due 
to the rise in intra-abdominal pressure. Direct 
inguinal hernias rarely descend into the scro¬ 
tum. It is due to a weakness of the posterior 
wall of the inguinal canal medial to the inferior 
epigastric vessels. There is no preformed sac. 

14. The child has an infantile umbilical hernia due 
to weakness of the scar tissue of the umbilicus. 


Treatment is usually not necessary. 

15. The patient has a fatty epigastric hernia. This 
is common in middle-aged manual workers. A 
small protrusion of extraperitoneal fat is forced 
forward between the fibers of the linea alba. 
Later, the fat pulls forward a small peritoneal 
sac. 

16. The commonest sites are (l) in the midline of 
the abdomen and (2) the flanks. In the midline, 
the structures traversed by the cannula would 
be skin, superficial fascia, deep fascia, linea 
alba, fascia transversalis, extraperitoneal con¬ 
nective tissue, and peritoneum. In the flanks, 
the following structures would be traversed: 
skin, superficial fascia, deep fascia, aponeu¬ 
rosis of the external oblique muscle, internal 
oblique muscle, transversus abdominis muscle, 
fascia transversalis, extraperitoneal connective 
tissue, and peritoneum. The linea alba is rela¬ 
tively bloodless and is the preferred site. 

17. The boy had an incompletely descended testicle 
on the right side. The right testicle was situated 
in the inguinal canal. Surgical treatment was 
necessary in order to place the testis in the scro¬ 
tum. The high temperature of the abdominal 
cavity and inguinal canal inhibits normal sper¬ 
matogenesis. 

18. The boy had a maldescended testis on the left 
side. Instead of following the gubernaculum 
down into the scrotum, it passed laterally and 
came to rest in the superfical fascia in the up¬ 
per part of the left thigh. A maldescended testis 
is veiy prone to injury and should be placed in 
the scrotum by surgical means. 

19. The patient had a right encysted hydrocele of 
the spermatic cord. This is a cyst in the rem¬ 
nant of the upper part of the processus vagin¬ 
alis and is connected to the tunica vaginalis by 
a fibrous strand (a further remnant of the pro¬ 
cessus). On pulling down the testis and the tu¬ 
nica vaginalis, the cyst was pulled medially by 
the fibrous strand. 

20. The student failed to examine the entire patient 
and made an erroneous diagnosis. He may have 
been sidetracked in his thoughts by the pa¬ 
tient’s stating that he had a poor appetite. One 
thing is certain—the student had forgotten his 
anatomy! (a) Malignant disease of the testis 
metastasizes to the lumbar lymph nodes tying 
on the transpyloric plane. This is the normal 
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lymph drainage of the testis, (b) The inguinal 
lymph nodes are involved only if the tumor 
spreads locally into the tissues of the scrotum 
outside the testis. 

21. The normal flow of portal venous blood 
through the liver is impaired in cirrhosis. Portal 
hypertension develops, and the venous blood 
returns to the general circulation via the portal- 
systemic venous anastomoses. The paraumbil¬ 
ical veins link the portal vein to the superficial 
systemic veins of the anterior abdominal wall; 
the latter dilate and become varicosed. By ap¬ 
plying digital pressure to these veins, it is pos¬ 
sible to determine that the direction of blood 
flow is from the umbilicus outward to the pe¬ 
riphery. 

22. A paramedian incision can be extended to the 
full length of the rectus sheath. It does not 
damage the rectus muscle or its nerve and 
blood supply. It is closed in layers and this re¬ 
sults in a strong repair. The pararectus incision 
may damage the segmental nerves and can only 
be extended by cutting the nerves to the rectus 
muscle. The transrectus incision alway cuts the 
nerves that supply that part of the rectus mus¬ 
cle medial to the incision. The latter incision 
should be avoided. 

23. The advantages are as follows: (1) The skin 
wound can be short and made in the lines of 
cleavage; (2) each muscle layer is split in the 
direction of its fibers, and practically no muscle 
damage occurs; (3) the nerve supply to the 
muscles remains intact. The disadvantage is 
that the diagnosis must be certain, because it is 
a difficult incision to enlarge and a wide ab¬ 
dominal exploration through this incision is out 
of the question. 

24. The superficial inguinal lymph nodes. 

25. Palpate the upper part of the scrotum between 
finger and thumb, and you can roll the vas def¬ 
erens as a cordlike structure. It has a smooth 
external wall and is firm in consistency. Re¬ 
member there are two sides and always com¬ 
pare the two. 

26. The patient had a tuberculous infection of the 
lumbar vertebral column with destruction of 
the bodies of the vertebrae, hence the kyphosis. 
The tuberculous pus extended laterally and to 
the right and entered the right psoas fascial 
sheath. From there, it extended downward into 


the thigh, producing a swelling above and be¬ 
low the inguinal ligament. Since the pus in each 
swelling was continuous, pressure could be 
transmitted from one swelling to the other. 

27. The tunica vaginalis covers the front and sides 
of the testis, and the visceral layer is in direct 
contact with the testis. Infection causes an ex¬ 
cessive accumulation of fluid within the tunica, 
a condition known as hydrocele. 

28. The patient has a cyst of the appendix of the 
testis, a structure that is derived embryologi- 
cally from the paramesonephric duct. 

29. The patient has a patent urachus. The urachus 
is the remains of the allantois, which, in the 
fetus, communicates with the urinary bladder. 
Normally, the allantois is obliterated prior to 
birth. Should it remain patent, nothing abnor¬ 
mal occurs unless urinary obstruction develops 
in the patient in later life (e.g., enlarged pros¬ 
tate). The urine then takes the least line of re¬ 
sistance through the urachus to the umbilicus. 

30. The left testicular vein drains into the left renal 
vein. A malignant tumor of the left kidney 
could spread along the left renal vein, blocking 
the exit of the left testicular vein and causing 
congestion and varicosity of the left pampini¬ 
form plexus. 


Chapter 5 

1. The sudden increase in pain in the right iliac 
region would suggest that the appendix sud¬ 
denly perforated, and the infected intestinal 
contents gushed out into the peritoneal cavity. 
The infecting organisms quickly multiplied and 
spread the inflammation to the parietal peri¬ 
toneum in the right iliac region, and the pain 
was intensified. The parietal peritoneum, the 
muscles of the anterior abdominal wall, and 
the overlying skin are all supplied by the same 
segmental nerves (T12 and LI). The irritation 
of the parietal peritoneum reflexly produced an 
increase in the tone of the muscles in this re¬ 
gion, which, when felt by the examiner’s hand, 
was interpreted as rigidity. This is an attempt 
by the body to reduce movement in this area 
and so help localize the infection. If the perfo¬ 
ration is a slow process, the greater omentum 
becomes stuck down to the appendix by in¬ 
flammatory exudate, and its presence consid- 
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erably restricts the spread of infection. 

2. Some of the gastric contents, on entering the 
greater sac, passed up under the diaphragm on 
the upper surface of the liver and occupied the 
right anterior subphrenic space. The parietal 
peritoneum on the undersurface of the central 
part of the diaphragm is supplied by the 
phrenic nerve (C3, 4, and 5). The supracla¬ 
vicular nerves, which supply the skin over the 
shoulder, are derived from the same segments 
of the spinal cord. This is another example of 
referred pain. 

3. The ulcer was situated on the posterior wall of 
the first part of the duodenum and had eroded 
the large gastroduodenal artery, which lies pos¬ 
terior to the duodenum in this part of its 
course. 

4. The following structures lie posterior to the 
stomach: the lesser sac, the pancreas, the left 
suprarenal gland, the upper part of the left kid¬ 
ney, the diaphragm, and the spleen. The splenic 
artery may be eroded by a gastric ulcer. 

5. The infected peritoneal fluid tends to drain 
downward in the paracolic gutters to enter the 
pelvic cavity if the patient is placed in a half¬ 
sitting position. If possible, it is an advantage 
to drain the fluid away from the subphrenic 
spaces, where toxins are known to be quickly 
absorbed into the lymphatics. 

6. The infected material lies in the greater peri¬ 
toneal sac above the transverse colon, (a) If it 
travels in an upward direction, it may pass into 
the right posterior subphrenic space between 
the right kidney and the right lobe of the liver. 
Alternatively, it may pass in front of the right 
lobe of the liver to the right of the falciform 
ligament, to the right anterior subphrenic 
space, (b) If it travels downward, it will pass 
around the right margin of the right colic flex¬ 
ure and enter the right lateral paracolic gutter. 
From here, it will travel vertically downward, 
cross the pelvic brim, and enter the pelvic cav¬ 
ity. 

7. (1) Lesser sac, (2) duodenal fossae, (3) cecal 
fossae, and (4) intersigmoid fossa. 

8. Lymph from the right inferior part of the 
greater curvature of the stomach drains into 
nodes lying along the right gastroepiploic ar¬ 
tery, the gastroduodenal artery, the root of the 
hepatic artery, and the nodes around the celiac 


artery. Lymph from the left superior part of the 
greater curvature drains into nodes lying along 
the short gastric and the left gastroepiploic ar¬ 
teries and the splenic artery, and finally drains 
into nodes around the celiac artery. Cancer of 
the stomach initially spreads locally by the lym¬ 
phatic vessels in the mucous membrane, and 
for this reason the entire stomach must be re¬ 
moved. The best chance one has of removing 
all the cancer cells is to remove all the lym¬ 
phatic vessels and nodes that drain the stom¬ 
ach. A total' gastrectomy is therefore per¬ 
formed, and this includes removal of the lower 
end of the esophagus and the first part of the 
duodenum; the spleen and the gastrosplenic 
and lienorenal ligaments and their lvmph 
nodes; the splenic vessels; the tail and body of 
the pancreas, and their associated nodes; and 
the nodes along the lesser and greater curva¬ 
tures of the stomach, along with the greater 
omentum. The continuity of the gut is restored 
by anastomosing the esophagus to the jejunum. 

9. The mucous membrane of the first part of the 
duodenum is smooth and devoid of plicae cir- 
culares. The remainder of the duodenum pos¬ 
sesses numerous plicae, which, together with 
the waves of peristalsis, break up the barium 
meal, giving it a floccular appearance. 

10. The vagus nerves are responsible for the ner¬ 
vous control of gastric secretion, and the antral 
mucosa is responsible for the production of the 
hormone gastrin, which exerts an endocrine 
control on gastric secretion. Section of the va¬ 
gus nerves (vagotomy), combined with resection 
of the antrum of the stomach, is a common 
surgical procedure for the treatment of peptic 
ulcer. The proximal part of the stomach is 
anastomosed to the jejunum (gastrojejunos¬ 
tomy) to restore the continuity of the gut. 

11. A small perforation of the duodenum may re¬ 
sult in the duodenal contents’ running down 
the right paracolic gutter to the right iliac re¬ 
gion. The signs then closely resemble those of a 
perforated appendix. 

12. Gallstones have been known to ulcerate 
through the posterior wall of the gallbladder 
into the transverse colon or duodenum. Those 
that enter the transverse colon are passed 
through the anal canal without difficulty. A 
large stone entering the duodenum will become 
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impacted at the ileocecal junction and produce 
small-bowel obstruction. 

13. A list of the naked-eye differences between the 
small and large intestine is given on page 238; 
the differences between the jejunum and ileum 
are given on page 228. 

14. The longitudinal muscle of the colon and 
cecum is confined to three visible bands, 
known as the teniae coli. These can be followed 
to the base of the appendix without difficulty. 
Here the teniae spread out to enclose the ap¬ 
pendix, so that it has a complete coat of longi¬ 
tudinal muscle. 

15. The vermiform appendix is supplied by a single 
artery (often represented as two small arter¬ 
ies), the appendicular artery, which is small 
and derived from the posterior cecal artery. The 
gallbladder receives a rich blood supply from 
the cystic arteiy and from numerous small ves¬ 
sels from the visceral surface of the liver. 

16. The initial pain of appendicitis is a vague dis¬ 
comfort and is referred to the umbilical re¬ 
gion. The afferent nerve fibers accompany the 
sympathetic nerves to the superior mesenteric 
plexus. They enter the thorax via the splanchnic 
nerves and enter the spinal cord at the level of 
the tenth thoracic segment. The tenth thoracic 
intercostal nerve supplies the skin of the um¬ 
bilicus, and for this reason pain is referred to 
the umbilicus. Once the inflammatory process 
has extended beyond the confines of the appen¬ 
dix and has involved the parietal peritoneum, a 
severe localized pain is felt in the right iliac re¬ 
gion. The parietal peritoneum, the overlying 
muscles of the anterior abdominal wall, and 
the covering skin are all supplied by the first 
lumbar nerve. 

17. The terminal arteries to the colon pierce the cir¬ 
cular piuscle between the teniae coli to reach 
the mucous membrane. The pathway through 
the circular muscle is a potentially weak site, 
and it is here that diverticula occur. The intra¬ 
colonic pressure (made greater by excessive 
purgation) forces a small diverticulum of mu¬ 
cous membrane through the weak area (diver- 
ticulosis). The absence of muscle in the wall of 
the diverticulum leads to stasis and infection 
(diverticulitis). 

18. The afferent nerve fibers from the gallblad¬ 
der and stomach accompany the sympathetic 


nerves to the celiac plexus. They then run to¬ 
gether through the greater splanchnic nerves 
and enter the spinal cord between the fifth and 
ninth thoracic segments. The seventh, eighth, 
and ninth intercostal nerves supply the skin in 
the epigastric region, so that pain from both 
organs is referred to this region. 

19. Any variation in which the bile duct and the 
pancreatic duct open by a common orifice into 
the duodenum is likely to cause this problem. 
Gallstones are usually associated with infected 
bile. A stone impacted at the orifice into the 
duodenum will allow reflux of infected bile 
along the main pancreatic duct, and pancrea¬ 
titis will occur. 

20. The tail of the pancreas lies within the lieno- 
renal ligament, and its tip is related to the hilus 
of the spleen. The surgeon has to take extreme 
care not to damage the tail of the pancreas dur¬ 
ing a splenectomy. 

21. The spleen lies in the left hypochondrium, and 
its long axis lies along the tenth rib. The spleen 
has a notched anterior border due to incom¬ 
plete fusion of its parts during development. 
The spleen is unable to expand vertically down¬ 
ward because of the presence of the left colic 
flexure, which is suspended from the dia¬ 
phragm by the phrenicocolic ligament. Patho¬ 
logical enlargement of the spleen therefore 
occurs downward and medially, toward the 
umbilicus. 

22. About 10 percent of persons have accessory 
spleens. These should always be looked for 
when one is performing splenectomy for such 
conditions as thrombocytopenic purpura. If an 
accessory spleen is missed, it will enlarge and 
take over the functions of the main spleen. 

23. The right kidney. It is the only normal kidney 
that can be palpated. The lower pole may be 
felt in a thin person at the end of inspiration, 
when the contracted diaphragm has pushed it 
down to its lowest level. When the diaphragm 
relaxes on expiration, the kidney returns to its 
original position. 

24. Both kidneys originate in the pelvis and with 
development rise up on the posterior abdomi¬ 
nal wall until the hili lie opposite the second 
lumbar vertebra. Occasionally, one of the kid¬ 
neys fails to reach its normal position. 

25. The bridge of renal tissue, which unites the 
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lower poles of the two kidneys to form the 
horseshoe, becomes trapped behind the inferior 
mesenteric artery. The artery arrests the ascent 
of the kidneys. 

26. An aberrant renal artery may cross the pelvi- 
ureteric junction and obstruct the flow of urine. 

27. (a) Spasm of the smooth muscle in the wall of 
the renal pelvis and ureter as it attempts to 
move the calculus down the urinary tract, (b) 
Afferent pain fibers enter the spinal cord in the 
first and second lumbar segments. The anterior 
rami of the first lumbar nerves are distributed 
to the skin in the lumbar region and groin as 
the iliohypogastric and ilioinguinal nerves. The 
pain experienced in the front of the thigh was 
referred along the femoral branch of the geni¬ 
tofemoral nerve (LI and 2). (c) In front of the 
tips of the transverse processes of the lumbar 
vertebrae; in front of the sacroiliac joint; in the 
region of the spine of the ischium, (d) At the 
pelviureteric junction, where the ureter crosses 
the pelvic brim and where it enters the blad¬ 
der. 

28. A case of bifid ureters in which one ureter 
opens into the urinary tract below the bladder 
sphincter in the male, or into the vagina in the 
female. 

29. The ileocolic, the right colic, the middle colic, 
the left colic, and the sigmoid arteries anasto¬ 
mose with one another to form an arterial 
trunk, which runs along the inner margin of 
the colon from the ileocolic junction to the junc¬ 
tion of the pelvic colon and rectum. This anas¬ 
tomotic vessel is referred to as the marginal ar¬ 
tery. 

30. Lumbar sympathectomy would remove the in¬ 
fluence of the sympathetic vasoconstrictor fi¬ 
bers on the arteries of the lower limb. This 
would have the effect of opening up the collat¬ 
eral circulation in the region of the arterial ob¬ 
struction and would improve the blood flow to 
the distal part of the limb. 

31. A small carcinoma of the head of the pancreas 
was found at operation to be compressing the 
bile duct. Back pressure along the bile ducts 
produced dilation of the gallbladder, which 
could be felt in the region of the tip of the right 
ninth costal cartilage. 

32. (a) The pain is due to the spastic contraction of 
the muscle of the gallbladder attempting to 


flush the stone down the bile ducts, and to the 
distention of the ducts by the stone, (b) The af¬ 
ferent pain fibers from the gallbladder and bile 
ducts enter the spinal cord between segments 
T5 and T9. Pain is referred to the epigastrium 
via the seventh to the ninth intercostal nerves, 
(c) A variable amount of bile gets past the 
stone. 

33. The patient could be kept alive by dialysis treat¬ 
ment. Peritoneal dialysis. In this form of treat¬ 
ment, the dializing fluid flows into the perito¬ 
neal cavity and the peritoneum serves as a 
semipermeable membrane between the fluid 
and the blood (see p. 281). Hemodialysis. Be¬ 
cause of the risk of infection, hemodialysis is 
the more common form of treatment. The pa¬ 
tient’s arterial blood is pumped through coils 
of plastic tubing or allowed to flow between 
sheets of plastic and is then returned to the pa¬ 
tient’s circulation by way of a vein. In this form 
of dialysis the thin plastic serves as a semi¬ 
permeable membrane. 

34. After a careful clinical examination and arteri¬ 
ography of the abdominal aorta, a diagnosis of 
advanced arteriosclerosis in the region of the 
bifurcation of the abdominal aorta was made. 
The gradual blockage of the aorta had resulted 
in insufficient blood reaching both legs, thus 
causing pain (claudication) on walking. The 
difficulty with erection of the penis was caused 
by a lack of blood entering both internal iliac 
arteries. 

35. By the eighth month of pregnancy, the enlarged 
uterus is an abdominal organ and often com¬ 
presses the inferior vena cava, interfering with 
the venous return from the legs. This causes ex- 
cess tissue fluid to accumulate in the subcuta¬ 
neous tissues of the feet and ankles (edema) 
and engorgement of the superficial veins. The 
high levels of progesterone in the blood that oc¬ 
cur in pregnancy also cause the smooth muscle 
in the wall of the veins to relax, thus permitting 
the veins to dilate. 


Chapter 6 

1. Red bone marrow is readily and safely obtained 
from the iliac crests at all ages. The iliac crest 
is subcutaneous along its entire length. The fol¬ 
lowing structures are penetrated by the needle: 
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(1) skin, (2) superficial fascia, (3) periosteum, 
and (4) bone. 

2. The subarachnoid space ends below at the level 
of the second sacral vertebra. This lies on the 
level of the posterior superior iliac spine. The 
latter is easily found, since it lies beneath a skin 
dimple immediately above the buttock on each 
side. 

3. Caudal analgesia (anesthesia) is veiy effective 
in producing a painless labor provided that it is 
performed skillfully. The anesthetic solutions 
are introduced into the sacral canal through the 
sacral hiatus. Sufficient solution is given so that 
the nerve roots up as far as Til and 12 and LI 
are blocked. This will make the uterine con¬ 
tractions painless during the first stage of labor. 
If the nerve fibers of S2, 3, and 4 are also 
blocked, the perineum will be anesthetized. 
The distention of the perineum by the fetal 
head during the second stage of labor will not 
then be felt. The needle will pierce (1) the skin, 

(2) the fascia, and (3) the ligaments filling in 
the sacral hiatus. 

4. The swelling was the urinary bladder. In the 
adult the urinary bladder is a pelvic structure. 
When it becomes filled, the superior wall rises 
out of the pelvis and may reach the umbilicus, 
or in extreme cases, a higher level. 

5. The girl was 6 months pregnant. The nonpreg¬ 
nant uterus is a pelvic organ. The fundus of the 
pregnant uterus rises out of the pelvis, so that 
it is palpable above the symphysis pubis at 3 
months and reaches the umbilicus by about the 
sixth month. 

6. The puborectalis fibers of the levator ani mus¬ 
cle pass around the anorectal junction and sling 
it up to the back of the body of the pubis. The 
puborectalis and the internal and external anal 
sphincters are responsible for anal continence. 
Division of the puborectalis muscle severely 
damages the muscular ring at this site and re¬ 
sults in incontinence. 

7. Normally, it is difficult or impossible to feel the 
sacral promontory by means of a vaginal ex¬ 
amination. The normal diagonal conjugate 
measures about 5 inches (13 cm). This patient’s 
pelvis was flattened anteroposteriorly, and the 
sacral promontory projected too far forward. It 
is very likely that she would have an obstructed 
labor. 


8. This man had a fractured pelvis. An anteropos¬ 
terior radiograph of the pelvis showed a dislo¬ 
cation of the symphysis pubis and a linear frac¬ 
ture through the lateral part of the sacrum on 
the right side. The urethra was also damaged. 
Further examination revealed a tear in the uri¬ 
nary bladder, with leakage of urine into the 
peritoneal cavity. This man had a full bladder 
at the time of injury; a full bladder is more 
prone to injury in these circumstances than is 
an empty bladder. 

9. The expectant mother is told that her pelvic or¬ 
gans are suspended within the pelvis by a mus¬ 
cular sling (the levator ani muscles). If she con¬ 
centrates, she will find that it is possible to 
contract these muscles and “pull up her rectum 
into her body.” Once she finds that she can per¬ 
form this action, she will have no difficulty in 
repeating the exercise several times a day. It is 
essential that the tone of the levatores ani mus¬ 
cles be developed during the antenatal period. 
These muscles become enormously stretched as 
the child’s head passes thr ough the pelvic floor 
during parturition. If the muscles are healthy 
and possess good tone, they will spring back in 
position and once again support the pelvic vis¬ 
cera, the uterus in particular. 

10. The coccyx is commonly bruised or fractured in 
injuries of this type. The bone can be palpated 
beneath the skin in the natal cleft. A gloved fin¬ 
ger in the anal canal can also palpate the an¬ 
terior surface of this bone. 

11. Most fractures of the upper part of the ilium 
have little displacement of the bone fragments. 
This is because the iliacus muscle is attached to 
the inner surface and the gluteal muscles are 
attached to the outer surface. Splinting the 
bones is unnecessary because of the attach¬ 
ments of these muscles. 

12. Osteomalacia produces softening of the pelvic 
bones. In many cases the weight of the trunk 
forces the sacrum forward and reduces the an¬ 
teroposterior diameter of the pelvis. The pelvis 
should be carefully examined clinically and by 
X-ray pelvimetry. If it is found that the pelvis is 
no longer capacious enough to permit the de¬ 
scent of the baby’s head during labor, this fact 
should be explained to the patient, and the pos¬ 
sibility of performing a cesarean section in any 
future pregnancy should be discussed. 
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Chapter 7 


1. A loop of pelvic colon and coils of the terminal 
part of the ileum are normally found in the rec¬ 
touterine pouch. The nature of the symptoms 
strongly suggested that the patient had disease 
of the large bowel. On sigmoidoscopic exami¬ 
nation, a papilliferous carcinoma of the lower 
part of the pelvic colon was seen. The ulcerated 
surface of the tumor accounted for the blood¬ 
stained mucus. 

2. This patient had impaled his rectum on the leg 
of the chair. At operation, a laceration of the 
anterior wall of the middle of the rectum was 
found. The pelvic peritoneum was contami¬ 
nated with rectal contents. The upper one-third 
of the rectum is covered on the anterior and 
lateral surfaces by peritoneum; the middle one- 
third is covered on the anterior surface only by 
peritoneum; and the lower one-third is devoid 
of a peritoneal covering. 

3. A great variety of foreign bodies have been suc¬ 
cessfully removed from the rectum. The trans¬ 
verse mucosal folds of the rectal wall and 
spasm of the anal sphincters often prevent the 
patient from ridding himself of the object. If it 
is found impossible to grasp the foreign body 
from below, the abdomen has to be opened so 
that the object can be pushed down from 
above. In this patient, a pretty, conical-shaped 
vase was delivered per anum, and inscribed on 
its outside was: “A Gift from Rockport”! 

4. As so often occurs, rectal bleeding is assumed 
by the laymen to be due to hemorrhoids (and 
often, unfortunately, also by the patient’s phy¬ 
sician, who fails to examine the rectum). Digi¬ 
tal examination of the rectum in this patient 
revealed a large, hard-based ulcer on the pos¬ 
terior wall of the rectum. It was possible, by 
careful palpation, to feel extensive induration 
of the pararectal tissues extending posterolater- 
ally to the sacrum. On examination of the right 
leg, some weakness of the muscles supplied by 
the sciatic nerve was found, and the patient in¬ 
dicated that the pain was felt in skin areas sup¬ 
plied by branches of the sciatic nerve. This 
patient had an advanced carcinoma of the rec¬ 
tum, with involvement of the sacral plexus. At 
operation, the liver was found to be enlarged, 


due to the spread of neoplastic cells up the su¬ 
perior rectal, inferior mesenteric, splenic, and 
portal veins to the liver. 

5. The superior wall of the urinary bladder in the 
adult rises out of the pelvis as the viscus fills 
with urine. A low, severe blow to the anterior 
abdominal wall can easily result in rupture of 
a full bladder. Once the urine escapes into the 
peritoneal cavity, the bladder can no longer be 
detected above the pubis, and the desire or the 
ability to micturate ceases. In this case, the 
urine accumulated in the rectovesical pouch 
and could be felt there on rectal examination. 

6. Afferent nerves passing from the bladder to the 
spinal cord travel in company with the para¬ 
sympathetic and sympathetic fibers that inner¬ 
vate the bladder. They enter the cord at seg¬ 
ments S2, 3, and 4 and LI and 2. From these 
levels the nerve impulses ascend within the 
cord to higher centers in the brain, where the 
stimuli of bladder distention are consciously 
recognized, (a) A transection of the spinal cord 
in the midthoracic region would permanently 
deprive the patient of this information from 
the bladder, (b) After recovering from spinal 
shock, the bladder would fill and empty re- 
flexly, and the patient would have an automatic 
bladder. 

7. The patient has a stone in the urinary bladder. 
As the bladder empties, the bladder wall con¬ 
tracts down on the stone, and this irritates the 
sensitive mucous membrane and causes pain in 
the hypogastric region and sometimes a little 
bleeding. The afferent nerves from the bladder 
enter the spinal cord at segments S2, 3, and 4 
and LI and 2. The pain is often referred to the 
penis, which receives its sensory nerve supply 
from the pudendal nerve (S2, 3, and 4) and the 
ilioinguinal nerve (LI and 2). When a patient 
with a bladder stone is standing or sitting, the 
stone gravitates to the neck region and irritates 
the mucous membrane of the trigone, which 
is especially sensitive. When the patient lies 
down, the stone rolls backward above the in- 
terureteric ridge and leaves the trigone area. 
For this reason, the pain was relieved by the 
patient’s assuming the supine position. 

8. The patient was suffering from benign hyper¬ 
trophy of the prostate with obstruction of the 
prostatic urethra. The prostate is an important 
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anterior relation of the lower part of the rectum 
and can easily be examined bv digital palpation 
through the anterior rectal wall. As the supe¬ 
rior wall of the bladder rises out of the pelvis, 
the peritoneum is peeled off the posterior sur¬ 
face of the anterior abdominal wall. The sur¬ 
geon’s tube passing through the anterior ab¬ 
dominal wall in the midline just above the 
pubis would therefore not enter the peritoneal 
cavity. 

9. The prostatic venous plexus is drained into the 
internal iliac veins. Large valveless veins also 
connect the plexus to the valveless vertebral 
veins. On coughing or sneezing, the blood may 
be forced from the prostatic plexus in the pelvis 
into the vertebral veins. Dislodged prostatic 
cancer cells may be carried along this route to 
the vertebral column. They may also pass up 
the vertebral plexus to enter the veins of the 
skull. 

10. The median (middle) lobe of the prostate is lo¬ 
cated between the prostatic urethra and the 
ejaculatory ducts, just inferior to the sphincter 
vesicae. Benign hypertrophy of the median lobe 
results in its upward expansion within the 
sphincter vesicae. The sphincter can no longer 
function effectively, and urine continues to 
dribble into the urethra, giving the patient an 
intense desire to continue to micturate. 

11. The pelvic parts of the ureters in the female can 
be palpated through the lateral fornices of the 
vagina as they pass forward close to the cervix 
to enter the bladder. In this patient, the pelvic 
part of the right ureter was irregularly thick¬ 
ened, which was suggestive of a tuberculous in¬ 
fection. A pyelogram confirmed that the pa¬ 
tient had a tuberculous lesion of the right 
kidney, and cystoscopic examination showed a 
tuberculous ulcer of the ureteric orifice in the 
bladder. 

12. The fertilized ovum in this case had become 
implanted in the right uterine tube. Each uter¬ 
ine tube is situated in the upper free border of 
the broad ligament of peritoneum. Rupture of 
the tube due to ectopic gestation nearly always 
occurs through the peritoneal covering. Hem¬ 
orrhage takes place into the lower part of the 
peritoneal cavity. If the hemorrhage occurs 
suddenly, digital palpation through the poste¬ 
rior fornix reveals only a “doughy fullness” of 


the rectouterine pouch. If the bleeding is slow, 
the blood has time to clot, and a mass will be 
felt in the rectouterine pouch. 

13. The long axis of the uterus in the majority of 
normal women lies at right angles to the long 
axis of the vagina (anteverted); the body of the 
uterus is also bent forward on the cervix at the 
internal os (anteflexion). 

14. The lymphatic vessels from the cervix drain 
mainly into the internal and external iliac 
nodes. 

15. The uterus is mainly supported by the tone of 
the levatores ani muscles and the ligaments of 
the visceral pelvic fascia, namely, the transverse 
cervical, sacrocervical, and pubocervical liga¬ 
ments. 

16. The urethra lies directly in contact with the 
lower half of the anterior vaginal wall, and the 
bladder lies in contact with the upper half of 
the vaginal wall. The bulging downward of the 
bladder with the anterior vaginal wall is re¬ 
ferred to as a cystocele. 


Chapter 8 

1. This patient had internal hemorrhoids, i.e., 
varicosities of the tributaries of the superior 
rectal vein. The varicosities had become pedun¬ 
culated and remained prolapsed outside the 
anus after defecation (third degree internal 
hemorrhoids). The closure of the anal sphinc¬ 
ters on the pedicles of the hemorrhoids caused 
congestion of the mucous membrane and the 
production of excessive mucus, which was re¬ 
sponsible for the perianal moisture and irrita¬ 
tion (pruritus ani). Abrasion of the hemor¬ 
rhoids by the fecal masses during defecation 
was responsible for the bleeding. The patient 
was treated by hemorrhoidectomy. 

2. The forward edge of a hard fecal mass may 
have caught one of the anal valves and torn it 
downward as it descended. The mucous mem¬ 
brane lining the anterior and posterior walls of 
the anal canal at this level is poorly supported 
by the superficial external sphincter muscle. 
This may explain why fissures are commonly 
found on the anterior and posterior anal walls. 
The mucous membrane of the lower half of the 
anal canal is innervated by the inferior rectal 
nerve and is very sensitive to pain. The mucous 
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membrane of the upper half of the canal is sup¬ 
plied by autonomic afferent fibers and is sen¬ 
sitive only to stretch. The external anal sphinc¬ 
ter is supplied by the inferior rectal nerve and 
is reflexly in a state of spasm, due to the painful 
afferent impulses arising from the fissure. 

3. The anorectal ring of muscle must be kept in¬ 
tact. This structure is composed of the pubo- 
rectalis part of the levator ani muscle, the in¬ 
ternal anal sphincter, and the deep part of the 
external anal sphincter; the fibers blend to¬ 
gether at the anorectal junction. 

4. The infection in the base of an anal fissure 
often tracks laterally through the external anal 
sphincter to enter the ischiorectal fossa. The fat 
in the fossa is poorly supplied with blood and 
very prone to abscess formation. The only 
structures of importance that cross the ischio¬ 
rectal fossa are the inferior rectal vessels and 
nerve. 

5. The bulbous part of the urethra, or the mem¬ 
branous part, may be damaged in accidents of 
this nature. Rupture of the bulbous part of the 
urethra had occurred in this case, with exten¬ 
sive extravasation of urine into the superficial 
perineal pouch. The urine had passed forward 
over the scrotum and penis deep to the mem¬ 
branous layer of the superficial fascia. 

6. Just beyond the fossa terminalis of the penile 
urethra, a fold of mucous membrane projects 
downward from the roof of the urethra. This 
fold will sometimes completely obstruct the 
passage of a catheter if the point is directed to¬ 
ward the roof. With the patient lying in a su¬ 
pine position, hold the penis vertically. Intro¬ 
duce the catheter into the external meatus in 
such a way that the point is directed first to¬ 
ward the floor of the urethra until this fold is 
passed. 

7. This patient had a cyst of the left greater vesti¬ 
bular gland. Chronic gonococcal infection had 
resulted in blockage of the duct and retention 
of the secretion. 

8. The vulva is drained into the superficial in¬ 
guinal lymph nodes. 


Chapter 9 

1. The gastroduodenal artery is a relatively large 
vessel situated behind the first part of the duo¬ 


denum. It may be eroded by a chronic duo¬ 
denal ulcer situated on the posterior duodenal 
wall. The cephalic, basilic, and median cubital 
veins, and their tributaries, are located in front 
of the cubital fossa and may be used for trans¬ 
fusion. In the forearm, the cephalic and basilic 
veins can be seen as they wind around the lat¬ 
eral and medial borders of the forearm, respec¬ 
tively. The cephalic vein lies in a constant po¬ 
sition behind the styloid process of the radius, 
and it is here that it may be exposed through a 
small skin incision. 

2. The patient had an acute bacterial infection un¬ 
der the nail folds (paronychia) of the right index 
finger. The infection had spread into the lym¬ 
phatic vessels draining the area, and they them¬ 
selves had become inflamed (lymphangitis). 
The red streaks were due to localized vasodila¬ 
tation of blood vessels along the course of the 
lymphatic vessels in the forearm. The lym¬ 
phatic vessels from the index finger pass to the 
dorsum of the hand and then follow the ce¬ 
phalic vein to the infraclavicular group of axil¬ 
lary lymph nodes. These were inflamed, en¬ 
larged, and tender (lymphadenitis). 

3. The first thoracic dermatome is situated along 
the medial side of the lower part of the arm 
and in the elbow region. Although there is con¬ 
siderable overlap of neighboring dermatomes, 
there would be loss of sensation in the region 
of the medial epicondyle in this patient. 

4. The clavicle is the commonest bone in the body 
to be fractured. The violent force applied to the 
clavicle is usually indirect, namely, from the 
arm through the scapula, (a) Anatomically, the 
weakest part of the clavicle is the junction of 
the middle and lateral thirds, and this is where 
a fracture usually occurs, (b) The lateral bony 
fragment is displaced downward by the weight 
of the arm and pulled forward and medially by 
the pectoral muscles. The medial fragment is 
elevated by the sternocleidomastoid muscle, (c) 
Dislocation of the sternoclavicular joint is pre¬ 
vented by the ligaments of the joint, especial¬ 
ly the very strong costoclavicular ligament. 
The very strong coracoclavicular ligament pre¬ 
vents dislocation of the acromioclavicular joint. 
Needless to say, if the mechanical force was 
great enough, and the clavicle strong enough, 
dislocation of one or other of these joints would 
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occur, (d) The supraclavicular nerves, or a 
communicating vein between the cephalic and 
the internal jugular vein, may be damaged with 
a fractured clavicle. 

5. (a) The contracting fibrous tissue of the malig¬ 
nant tumor had pulled the lactiferous ducts 
and the nipple, elevating the latter above the 
nipple on the opposite side, (b) The dimpling 
of the skin was due to the fibrous tissue pulling 
upon the suspensory ligaments of the breast, 
(c) The lateral part of the breast is drained into 
the pectoral or anterior group of axillary lymph 
nodes, situated just posterior to the lower part 
of the pectoralis major muscle. The lymph 
nodes can be most easily felt by asking the pa¬ 
tient to put her hand on her hip and press hard; 
she will then contract her pectoralis major 
muscle, providing a firm background against 
which the pectoral group of axillary nodes can 
be palpated. In this case, the malignant neo¬ 
plasm had spread to involve these nodes in the 
left axilla. The medial part of the breast drains 
into the lymph nodes along the course of the 
internal thoracic artery. 

6. A radial incision should be made to avoid cut¬ 
ting across the ducts of the gland, and also to 
limit the incision to one lobe of the gland. A 
transverse incision would cut across the fibrous 
septa that separate the lobes, and so aid the 
spread of infection from one lobe to another. 

7. Cancer of the breast spreads relatively early via 
the lymphatic vessels to the regional lymph 
nodes. Later, it may spread via the bloodstream 
to distant sites, such as the bones of the verte¬ 
bral column. The best chance of long survival, 
provided that the disease is still localized to the 
regional lymph nodes, is to remove the breast 
and associated structures, lymph vessels, and 
lymph nodes en bloc, as described on page 526. 
The postoperative radiotherapy can be directed 
to the axilla if it is felt that some malignant 
cells may have seeded out there; or directed to 
the internal thoracic nodes, which are difficult 
to remove surgically. The patient’s postopera¬ 
tive anguish at losing a breast can be, in many 
cases, alleviated by plastic surgery. If this is not 
possible, the patient can wear a surgical bras¬ 
siere with a prosthesis. 

8. The subclavian artery lies behind the medial 
part of the clavicle, and at the outer border of 


the first rib it becomes the axillary artery. The 
arterial supply to the upper limb can be oc¬ 
cluded by applying deep pressure downward 
and backward, compressing the subclavian ar¬ 
tery against the upper surface of the first rib. 

9. The radial artery lies in front of the distal third 
of the shaft of the radius; it is directly in contact 
with the front of the bone. On its lateral side 
lies the terminal part of the tendon of the bra- 
chioradialis, and on its medial side is the ten¬ 
don of the flexor carpi radialis muscle. The ar¬ 
tery is covered anteriorly by skin and fascia. 

10. This patient had an Erb-Duchenne palsy, i.e., a 
lesion of the fifth and the sixth roots of the bra¬ 
chial plexus. The disability is fully described on 
page 527. 

11. This is a case of Klumpke’s palsy, in which the 
first thoracic nerve has been torn. It should be 
remembered that this nerve supplies all the 
small muscles of the hand via the median and 
ulnar nerves. The condition is fully described 
on page 527. 

12. When removing the fat and lymph nodes from 
the axilla, the surgeon endeavors to preserve the 
long thoracic nerve. Sometimes it is cut by ac¬ 
cident or has to be sacrificed because of its in¬ 
volvement in cancerous metastatic deposits. In 
this case, the nerve was purposely removed, 
and its removal resulted in paralysis of the ser- 
ratus anterior muscle. Abduction of the shoul¬ 
der joint to a right angle requires the action of 
the supraspinatus and deltoid muscles. To raise 
the arm further above the head requires that 
the scapula be rotated by the trapezius and the 
serratus anterior muscles, the latter muscle 
contributing most to this movement. The pa¬ 
ralysis of the serratus anterior explains why the 
patient experienced difficulty in combing her 
hair. Another important function of the serra¬ 
tus anterior is to keep the scapula applied to the 
chest wall. Paralysis of this muscle resulted in 
“winged” scapula. 

13. This patient exhibited a typical radial nerve 
palsy with wristdrop. The various muscles par¬ 
alyzed are described on page 529. The radial 
nerve was presumably damaged in the spiral 
groove of the humerus when that bone was 
fractured, or was involved in the callus dur¬ 
ing the repair process. The surgeon probably 
waited to see if there was evidence of regener- 
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at ion of the nerve fibers and then, because re¬ 
generation was delayed or absent, decided to 
explore the radial nerve in order to free it from 
the callus and approximate its proximal and 
distal ends. In any event, he was obviously un¬ 
able to improve the situation, possibly because 
damage to the radial nerve was excessive, and 
the nerve fibers never regenerated. With the 
wrist held permanently in the flexed position, 
the long flexor muscles of the fingers are work¬ 
ing at a mechanical disadvantage, and the fin¬ 
gers are unable to grip objects effectively. (Try 
it on yourself.) 

14. The motor and sensory defects and the deform¬ 
ity that follow damage to the radial nerve in the 
axilla are described on page 531. 

15. The axillary nerve gives motor fibers to the del¬ 
toid and teres minor muscles. If the shoulder 
joint is dislocated, it is impossible to test for 
activity in these muscles. The axillary nerve, 
however, also supplies the skin covering the 
lower half of the deltoid muscle, and it is a sim¬ 
ple matter to ask the patient if she can feel a 
pinprick, or light touch with a piece of cotton, 
over this area. Damage to the axillary' nerve 
produces paresthesia or anesthesia in the skin 
over the lower half of the deltoid muscle. 

16. The glass fragment had severed the median 
nerve as it lay between the tendons of flexor 
digitorum superficialis and the flexor carpi ra- 
dialis muscles and under cover of the palmaris 
longirs tendon. The palmar cutaneous branch 
of the median nerve had also been severed. The 
effects of median nerve palsy are fully de¬ 
scribed on page 532. 

17. This patient was suffering from the carpal tun¬ 
nel syndrome, in which there is pressure ex¬ 
erted on the main trunk of the median nerve as 
it passes beneath the flexor retinaculum. Al¬ 
tered sensation was felt in the skin areas sup¬ 
plied by the digital branches of the median 
nerve. Although the thenar muscles, which are 
supplied by the median nerve, did not appear 
to be weakened, it is clear from her statement 
about the difficulty she experienced in button¬ 
ing up her clothes that the muscles were in fact 
not acting normally. 

18. The patient’s old supracondylar fracture of the 
right humerus had increased the carrying angle 


on the right side to such an extent that the ul¬ 
nar nerve was running around the medial epi- 
condyle like a string around a pulley when the 
elbow joint was flexed and extended. Repeated 
friction caused interstitial neuritis of the ulnar 
nerve and consequent interference with the 
motor and sensory' functions of the nerve. The 
effects of ulnar nerve palsy are fully described 
on page 536. The upstroke of writing is pro¬ 
duced by flexion of the metacarpophalangeal 
joint and extension of the interphalangeal 
joints; both movements are normally carried 
out by the lumbricals and the interossei, which 
are supplied by the ulnar nerve. 

19. The ulnar artery and nerve of the left hand 
were transected in front of the flexor retinacu¬ 
lum. 

20. The patient had a subcoracoid dislocation of 
the left shoulder joint. The head of the humerus 
was dislocated downward through the weakest 
part of the capsule of the joint. It was then dis¬ 
placed medially in front of the scapula and be¬ 
hind the subscapularis muscle. The greater 
tuberosity' of the humerus no longer displaced 
the deltoid muscle laterally, and the normal 
curve of the shoulder was therefore lost. The 
head of the humerus had come to rest below 
the coracoid process of the scapula and was re¬ 
sponsible for the fullness below the lateral end 
of the clavicle. 

21. This patient had supraspinatus tendinitis. Dur¬ 
ing the middle range of abduction, the tendon 
of the supraspinatus impinges against the outer 
border of the acromion. Normally, the large 
subacromial bursa intervenes and ensures that 
the movement is relatively' free of friction and 
is painless. In this condition, the bursa has de¬ 
generated and the supraspinatus tendon ex¬ 
hibits a localized area of collagen degeneration. 

22. The sudden traction on the wrist resulted in the 
small head of the radius being partially pulled 
out of the anular ligament. This accident oc¬ 
curs only when the head of the radius is rela¬ 
tively small as compared with the size of the 
anular ligament and is almost entirely confined 
to children under the age of 6. 

23. (1) The fracture line may deprive the proximal 
fragment of its arterial supply and result in 
ischemic necrosis of this fragment. (2) Because 
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of the articulation of the scaphoid with other 
bones, the fracture line may enter a joint and 
be bathed in synovial fluid. The presence of 
synovial fluid may inhibit union between the 
bone fragments. (3) The scaphoid is a difficult 
bone to immobilize because of its position and 
small size. 

24. At the time of the fracture of the humerus, or 
following the application of the plaster cast, the 
child had spasm of the brachial artery in the 
region of the cubital fossa; this was followed 
by Volkmann’s contracture. The anatomical 
changes in this condition are described on page 
542. 1 

25. The patient had Dupuytren’s contracture in¬ 
volving the palmar aponeurosis at the base of 
the ring and little fingers of the left hand. The 
distal end of the aponeurosis gives four slips to 
the medial four fingers. Each slip is attached to 
the base of the proximal phalanx and to the fi¬ 
brous flexor sheath of each finger. Fibrous con¬ 
traction of the slip to the ring finger resulted in 
permanent flexion of the metacarpophalangeal 
joint. 

26. This patient had acute suppurative tenosynovi¬ 
tis of the digital sheath of the index finger of 
the right hand, following the introduction into 
the sheath of pathogenic bacteria from the 
point of the thorn. In this condition, if the ten¬ 
sion within the sheath is not relieved, it is likely 
to rupture at its proximal end, with discharge 
of pus into the thenar fascial space. If the hand 
remains untreated, the infection of the thenar 
space may spread to the midpalmar space and 
could spread upward into the forearm or 
downward to the interval between the index 
and middle fingers. The early administration of 
antibiotics is the treatment of choice. 

27. This patient had an acute infection of the mid- 
palmar fascial space of the right hand. The in¬ 
fected nail penetrated through the skin and the 
palmar aponeurosis and inoculated the fascial 
space with pathogenic organisms. The lym¬ 
phatic drainage of this area is into the network 
of lymphatic vessels present in the subcuta¬ 
neous tissue on the dorsum of the hand. For 
this reason, edema of the loose skin on the back 
of the hand is common in infections of the 
palm. 


28. This child had a pulp-space infection of the left 
thumb. The danger here is that the tension 
within the pulp space will rise and occlude the 
blood supply to the diaphysis of the terminal 
phalanx; osteomyelitis of the terminal phalanx 
may also occur. The presence of a small area of 
devitalized skin over the center of the pulp 
would suggest that pus is accumulating within 
the space and is pointing onto the surface. The 
lymphatic drainage of the thumb is via vessels 
that accompany the cephalic vein and drain 
into the deltopectoral group of axillary nodes. 

29. The position of function is described on page 
514. Its importance lies in the fact that should 
some part of the hand become stiff or fixed per¬ 
manently by adhesions, the patient would have 
a hand positioned to give the maximum me¬ 
chanical efficiency. 

30. When flexed, all fingers (excluding the thumb) 
point toward the tubercle of the scaphoid. 
When a finger is unstable following a fracture, 
it is tempting to align its long axis parallel to 
one of the borders of the hand, which is incor¬ 
rect and will result in malfunction. 

31. Absence of the tendon reflexes of the biceps 
brachii and the triceps muscles of the left arm 
would indicate the presence of disease in the 
C5, 6, 7, and 8 segments of the spinal cord or 
in the motor or sensory nerve fibers passing to 
or from these muscles. 

32. This patient avulsed the insertion of the dorsal 
extensor expansion into the distal phalanx of 
the right index finger. The fold of the sheet sud¬ 
denly caused flexion of the phalanx while the 
extensor tendons going to the extensor expan¬ 
sion were taut. The last 20 degrees of active ex¬ 
tension was lost in the terminal interphalan- 
gcal joint, producing a condition known as 
mallet finger. 

33. With fractures of the shaft of the humerus, the 
displacement of the bone fragments depends 
on the relation of the site of the fracture to the 
insertion of the deltoid. In this patient the frac¬ 
ture line was proximal to the insertion. The 
proximal fragment was adducted by the pec- 
toralis major, latissimus dorsi, and the teres 
major muscles, and the distal fragment was 
pulled proximally by the deltoid, biceps, and 
triceps. The radial nerve, as it lies in the spiral 
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groove of the humerus, may be damaged in 
such fractures. It escaped unharmed in this pa¬ 
tient. 


Chapter 10 

1. This patient sustained damage to the right 
sciatic nerve as a direct result of the incorrect 
administration of an intramuscular injection 
into the right buttock. On questioning, the 
nurse demonstrated the site where she gave the 
injections; it lay over the course of the sciatic 
nerve. The problem was compounded by the 
fact that the patient received three intramus¬ 
cular injections into the same site, in the same 
buttock, each day for 3 weeks. The common 
peroneal branch of the sciatic nerve was dam¬ 
aged, resulting in the loss of skin sensation in 
the areas normally supplied by the lateral cu¬ 
taneous nerve of the calf and the superficial 
peroneal nerve. The muscles of the anterior and 
lateral compartments of the leg were partially 
paralyzed. The unopposed plantar flexors and 
invertors of the foot caused the patient to hold 
his right foot in equinovarus. 

All the nurses should be instructed on the ex¬ 
tent of the area referred to as the buttock. So 
many restrict this area to the summit of the 
buttock, which, in actual fact, overlies the 
sciatic nerve. Intramuscular injections should 
be restricted to the upper outer quadrant of the 
buttock; and alternate buttocks, or other sites 
for injection, should be used when there are 
multiple injections extending over many weeks. 

2. This little girl had a congenital dislocation of 
the right hip joint. The left hip joint was nor¬ 
mal. When she stood on the right leg and lifted 
the left leg off the ground, the right hip joint 
could not act normally as a fulcrum for the pel¬ 
vis and the contracting gluteus medius and 
minimus muscles. In fact, the right femoral 
head was not situated in the acetabulum, but 
had ridden up onto the gluteal surface of the 
ilium, due to a failure of the upper border of 
the acetabulum to develop adequately. As a 
consequence of this, the gluteus medius and 
minimus muscles on the right side could not 
tilt the pelvis, and it sagged downward on the 
unsupported side. Congenital dislocation of the 
hip is common in female Italian children. The 


reason for this is unknown, but a genetic factor 
is probably responsible. The Trendelenburg’s 
sign is fully explained on page 687. 

3. This patient had a malignant melanoma of the 
right second toe, which had spread by way of 
the lymphatics to involve the vertical group of 
superficial inguinal lymph nodes. The fact that 
the patient ignored the lump for three months 
worsened the prognosis. The treatment of 
choice is radical amputation of the toe and 
complete block dissection and removal of all 
the inguinal lymph nodes on the right side. The 
extensive physical examination was necessary 
because we know that the lymph from a wide 
area of the body drains into the inguinal lymph 
nodes. For details, see page 678. 

4. This patient had acute intestinal obstruction 
secondary to a strangulated left femoral hernia. 
The pain was experienced in the region of the 
umbilicus, which is the area of the tenth tho¬ 
racic dermatome. Pain experienced in the small 
bowel is referred to the umbilical region. (See 
p. 284.) When, 2 days before, the patient 
coughed, a loop of ileum was forced down into 
a preexisting femoral hernial sac. The unyield¬ 
ing nature of the femoral ring resulted in ve¬ 
nous congestion of the gut and, later, arterial 
occlusion, at which point peristalsis ceased 
(paralytic ileus) and intestinal obstruction oc¬ 
curred. 

Such a patient should be operated on imme¬ 
diately. The surgeon must remember the rela¬ 
tions of the femoral ring when returning the 
hernial contents to the abdomen: medially, the 
sharp edge of the lacunar ligament; laterally, 
the femoral vein; anteriorly, the inguinal liga¬ 
ment; and posteriorly, the pectineus and supe¬ 
rior ramus of the pubis. A femoral hernia is 
found below and lateral to the pubic tubercle; 
an inguinal hernia is situated above and medial 
to the tubercle. 

5. This patient had varicose veins of the great sa¬ 
phenous and small saphenous venous systems, 
which lie in the superficial fascia of the legs. 
Before operating on these veins, it is imperative 
to determine whether or not the deep veins of 
the leg, the venae comitantes, are patent. It is 
possible that a woman with six children may 
have experienced thrombosis of her deep veins 
during or following one of the pregnancies. A 
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person with deep vein thrombosis depends on 
the dilated superficial veins to return the blood 
in the leg to the general circulation, and deep 
vein thrombosis would be a contraindication to 
operation. The superficial epigastric, the super¬ 
ficial circumflex iliac, and the superficial exter¬ 
nal pudendal veins, together with the impor¬ 
tant perforating veins, must be ligated for a 
successful result to be obtained. Large varicose 
veins possess incompetent valves. If the leg is 
raised above the level of the heart in a supine 
patient, the varicose veins quickly empty. If the 
great saphenous vein is now occluded by digital 
pressure at the saphenous opening and the pa¬ 
tient is asked to stand, the veins, when the dig¬ 
ital pressure is removed, fill from above and 
not from below, as they should normally. With 
the patient standing, a cough will transmit a 
fluid thrill from the abdomen to the hand ex¬ 
amining the veins, because the incompetent 
valves do not impede the passage of the pres¬ 
sure wave. The venous pump of the leg is de¬ 
scribed on page 677. 

6. This angle is within normal limits in a 5-year- 
old. It is too great in a 35-year-old man; the 
condition is called coxa valga, in which adduc¬ 
tion of the hip joint is limited. When the angle 
of the femoral neck is smaller than normal 
(coxa vara), abduction of the hip joint is lim¬ 
ited. 

7. The femoral head receives its blood supply 
from two sources: (1) a small artery that runs 
with the round ligament and (2) a profuse 
blood supply from the medial circumflex fem¬ 
oral artery, branches of which ascend the fem¬ 
oral neck beneath the synovial membrane. 
Fracture of the femoral neck may deprive the 
femoral head of part or all the blood from 
source 2, and avascular necrosis will occur. The 
blood supply to the trochanters is profuse, 
causing both fragments in a fracture of this re¬ 
gion to have an adequate blood supply. 

8. The shortening of the leg resulted from the up¬ 
ward pull of the distal fragment by the ham¬ 
strings and the quadriceps femoris muscles. 
The 'backward rotation of the distal fragment 
was caused by the pull of the two heads of the 
gastrocnemius muscles. The muscles responsi¬ 
ble for the shortening are very powerful, and 
prolonged traction to the distal fragment, using 


weights connected to a pin driven through the 
fragment, is required to obtain reduction of 
such a fracture. 

9. (a) Vasodilatation of the collateral arteries can 
be obtained by preganglionic lumbar sympa¬ 
thectomy (see p. 677), provided that the arter¬ 
ies are free of disease, (b) The muscular and 
genicular branches of the femoral artery, the 
perforating branches of the profunda femoris, 
and the muscular and genicular branches of 
the popliteal artery anastomose with one an¬ 
other. 

10. The sympathetic innervation of the blood ves¬ 
sels of the lower limb is fully described on page 
677. 

11. This patient was found on examination to have 
a swelling in front of her patellar tendon on the 
right side. Repeated unaccustomed trauma to 
the subcutaneous infrapatellar bursa had pro¬ 
duced an inflammatory response in the bursal 
wall, which resulted in an excessive production 
of fluid, hence the swelling. 

12. As the student fell, the medial semilunar car¬ 
tilage was drawn laterally within the knee joint. 
The sudden movement of the knee joint, which 
occurred on striking the ground, resulted in the 
grinding of the relatively immobile semilunar 
cartilage between the medial femoral and tibial 
condyles. The cartilage split along part of its 
length, and the detached portion became 
jammed, like a wedge, between the articular 
surfaces, limiting further extension, i.e., “lock¬ 
ing the joint.” The tenderness was experienced 
over the torn medial semilunar cartilage. The 
trauma stimulated an excessive production of 
synovial fluid, which filled the joint cavity and 
the suprapatellar bursa. The distension of the 
latter was responsible for the large amount of 
swelling seen on the front of the joint. 

13. The knee jerk depends on the integrity of (1) 
the afferent neuron, which extends from the 
stretch receptors in the ligamentum patellae to 
the spinal cord via the femoral nerve and lum¬ 
bar plexus; (2) the connection of the afferent 
neuron to the efferent neuron in the spinal cord 
at segments L2, 3, and 4; and (3) the efferent 
neuron, which extends from the spinal cord to 
the motor end plates of the quadriceps femoris 
muscle via the lumbar plexus and femoral 
nerve. Absence of the knee jerk signifies a break 
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in this simple reflex arc. An exaggerated knee 
jerk signifies damage to the upper motor neu¬ 
ron, which normally influences the activity of 
this reflex arc. 

The ankle jerk depends on the normal func¬ 
tioning of another simple reflex arc, acting at 
the level of the first and second sacral segments 
of the cord. 

The Babinski test normally results in plantar 
flexion of the big toe. In a positive Babinski test, 
stimulation of the sole is followed by dorsiflex- 
ion of the big toe and indicates damage to the 
upper motor neuron. (Babies normally have a 
positive Babinski test.) 

14. In this patient the anterior cruciate ligament in 
the right knee had been ruptured. The strength 
of the knee joint depends primarily on the tone 
of the quadriceps femoris muscle and second¬ 
arily on the ligaments. Operative union of torn 
cruciate ligaments is considered by many or¬ 
thopedic surgeons to be unsatisfactory. The loss 
of this ligament can be compensated for by de¬ 
veloping the tone of the quadriceps muscle. 

15. In lav language, this girl “sprained” her left an¬ 
kle. The movement of inversion of the foot nor¬ 
mally takes place in the subtalar and transverse 
tarsal joints. Overinversion places a strain on 
the lateral ligaments of the ankle joint. In this 
case, the localized tenderness found below and 
in front of the lateral malleolus would indicate 
that some of the fibers of the anterior talofi¬ 
bular ligament had been torn. The resulting 
hemorrhage was responsible for the swelling in 
the area. The movements of eversion and inver¬ 
sion of the foot take place in the subtalar and 
transverse tarsal joints. 

16. (a) The ankle is a veiy stable joint. The body of 
the talus is held firmly in position in the mor¬ 
tice formed by the lower end of the tibia and 
the medial and lateral malleoli. This arrange¬ 
ment is further strengthened by a veiy strong 
medial or deltoid ligament and a less strong 
lateral ligament, (b) The mechanics of fracture 
dislocation of the ankle joint are described on 
page 690. (c) In a fracture dislocation that in¬ 
volves rotation and overeversion of the foot, 
there is usually a spiral fracture of the lateral 
malleolus and a transverse fracture across the 
medial malleolus. The medial ligament is so 
strong that it pulls off the medial malleolus. 


17. This patient was suffering from acute foot 
strain. Previously employed in a sedentary oc¬ 
cupation, she suddenly exposed the arches of 
her feet to a tremendous work load. The arches 
were carrying not only the body weight, but 
also the weight of loaded trays. Normally, the 
arches are supported in position by the shape 
of the bones, by the strong ligaments, and— 
most important of all in the active foot—by the 
tone of muscles. Once untrained muscles be¬ 
come fatigued, they stretch. In the case of the 
medial longitudinal arch, the head of the talus 
starts to sag down between the calcaneum and 
the navicular bone. The calcaneonavicular lig¬ 
ament and the other plantar ligaments first be¬ 
come stretched and then may even be torn. At 
this stage there is pain and swelling of the foot. 
The tendons of the long muscles also stretch, 
producing pain in the leg. 

The feet should be rested and elevated to 
eliminate the swelling. Graded physiotherapy 
to the muscles should then be started. When 
such a patient returns to work, the hours of 
duty should be gradually increased so that the 
muscles are trained to carry the work load. A 
person who continues to walk on a foot with 
acute foot strain will end up with permanently 
flat feet. 

18. (a) The Achilles tendon or tendo calcaneus is 
attached to the posterior surface of the calca¬ 
neum. It is the tendon of insertion of the gas¬ 
trocnemius and soleus muscles, (b) Plantar 
flexion of the ankle joint is the movement in 
which the toes point downward, (c) When the 
tendo calcaneus ruptures, the bellies of the gas¬ 
trocnemius and soleus retract upward, leaving 
a gap between the divided ends of the tendo 
calcaneus. 

19. The femoral artery can be palpated at a point 
midway between the anterior superior iliac 
spine and the symphysis pubis. The popliteal 
artery is felt deep in the popliteal fossa, with 
the deep fascia relaxed and the knee joint 
flexed. The dorsalis pedis artery is felt on the 
front of the ankle, between the tendons of the 
extensor hallucis longus and the extensor digi- 
torum longus. The posterior tibial artery can be 
felt behind the medial malleolus. 

20. (a) The hip joint is a ball-and-socket synovial 
joint, (b) Adduction of the hip joint is the move- 
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ment of the lower limb medially; it is limited 
by contact with the opposite limb, (c) The glu¬ 
teus maximus extends and laterally rotates the 
hip joint; through the iliotibial tract it helps to 
maintain the knee joint in extension. It is also 
an extensor of the trunk on the thigh. The glu¬ 
teus medius and gluteus minimus abduct the 
thigh at the hip joint; the anterior fibers also 
rotate the thigh medially, (d) The rectus fem- 
oris flexes the hip joint and extends the knee 
joint. 


Chapter 11 

1. Tuberculous cervical lymphadenitis is much 
less common now than previously due to ade¬ 
quate pasteurization of cows’ milk. The organ¬ 
ism commonly gains entrance to the palatine 
tonsil and spreads to the member of the deep 
cervical group of lymph nodes that drains the 
tonsil and is situated below and behind the an¬ 
gle of the jaw. The infection may remain local¬ 
ized to this node for some time or involve other 
neighboring nodes, which become matted to¬ 
gether. Once the disease has resulted in the de¬ 
struction of the interior of the node, the caseat- 
ing material liquifies and breaks through the 
capsule of the node. To begin with, the abscess 
is localized beneath the investing layer of deep 
cervical fascia. Later, it erodes through the fas¬ 
cia and produces a large cold abscess beneath 
the skin. This soon becomes secondarily in¬ 
fected and breaks through the skin, to form a 
discharging sinus. 

2. The thyroid gland is invested by the pretracheal 
layer of deep cervical fascia, which binds the 
gland to the larynx. Thus, as the larynx moves 
upward on swallowing, the thyroid gland and 
the adenoma move upward also. Each lobe of 
the thyroid gland is closely related to the tra¬ 
chea. A localized enlargement of the gland, 
such as an adenoma, often presses on the tra¬ 
chea and partially occludes the lumen, produc¬ 
ing dyspnea. The thyroid gland is drained 
mainly into the deep cervical group of lymph 
nodes. 

3. Congenital torticollis is due to hemorrhage into 
the sternocleidomastoid muscle during birth. 
Fibrous infiltration of the blood clot, followed 
by contracture of the fibrous tissue, results in 


shortening of the affected muscle. It is only 
when the neck begins to elongate in childhood 
that the condition is noticed. In this patient the 
right sternocleidomastoid was diseased. An un¬ 
derstanding of the precise actions of this mus¬ 
cle (see p. 713) will explain the deformity. 
Failure to correct the deformity leads to asym¬ 
metrical changes in the face, which result from 
the eyes attempting to work on the same hori¬ 
zontal plane. Wedge-shaped deformities of the 
cervical vertebrae also occur. 

4. The spinal part of the accessory nerve crosses 
the posterior triangle of the neck in a compar¬ 
atively superficial position. The surface mark¬ 
ing of the nerve is as follows: Draw a line from 
the angle of the mandible to the mastoid pro¬ 
cess and bisect it at right angles. The latter line, 
if continued downward and backward, closely 
follows the course of the nerve. The surgeon 
had forgotten his anatomy and cut the right 
spinal part of the accessory nerve, thus paralyz¬ 
ing the right trapezius muscle. In order for a 
person to raise the hand above the head, the 
trapezius muscle, assisted by the serratus an¬ 
terior, must rotate the scapula so that the gle¬ 
noid cavity faces upward and laterally. (See p. 
434.) 

5. The external jugular vein can be used clinically 
as a venous manometer. The zero line is the 
level of the right atrium in the thorax. Nor- 
mallv, in a person propped up on pillows in 
bed, the venous pressure is so low that the 
blood level does not extend above the clavicle. 
This patient had right-sided heart failure with 
a backup of venous blood on the right side of 
the heart. Consequently, the venous pressure 
was high, and the external jugular vein was en¬ 
gorged" with blood throughout its length. The 
surface marking of this vein is from the angle 
of the jaw to the midpoint of the clavicle. The 
external jugular vein drains into the subclavian 
vein. 

6. The submental lymph nodes drain the tip of the 
tongue, the floor of the mouth in the region of 
the frenulum of the tongue, the gums and in¬ 
cisor teeth, the middle third of the lower lip, 
and the skin over the chin. On examination of 
the inside of the patient’s mouth, a small, hard- 
based carcinomatous ulcer was found on the 
right side of the tip of the tongue. On question- 
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ing, the patient said he had noticed the ulcer 
for about 4 months, but since it did not cause 
much discomfort, he had ignored it. The sub- 
mental lvmph nodes ultimately drain into the 
deep cervical group of lymph nodes. In this case 
they were not yet involved in the spread of the 
malignant condition. 

7. The carotid sinus has a thick tunica adventitia 
and a thin tunica media. The adventitia con¬ 
tains numerous nerve endings derived from 
the glossopharyngeal nerve. A rise in pressure 
within the lumen, due either to a rise in blood 
pressure or to pressure applied to the neck, will 
result in an increase in the discharge of afferent 
impulses from the nerve endings. These will as¬ 
cend in the glossopharyngeal nerve, reflexly in¬ 
hibit the cardiac center and the vasomotor cen¬ 
ter in the medulla, and produce a slowing of 
tire heart and a fall in the arterial blood pres¬ 
sure. 

8. The lvmph from the temporal region drains 
into the parotid group of lymph nodes. The ef¬ 
ferent lymph from these nodes drains into the 
deep cervical lymph nodes, which are embed¬ 
ded in the carotid sheath and the tunica adven¬ 
titia of the internal jugular vein. To ensure that 
all the deep cervical nodes are removed, it is 
therefore necessary to remove the internal jug¬ 
ular vein on that side. The spinal part of the 
accessory nerve and the hypoglossal nerves are 
carefully preserved in block dissections of the 
neck. However, if they are involved in secondary 
cancerous growth, they are sacrificed. 

9. A good surgeon, never, never blindly grabs at a 
bleeding artery. Pack the wound and then later, 
when the bleeding has stopped, remove the 
pack and clamp the artery under direct vision. 
In this case the superior laryngeal artery was 
successfully clamped, but the external laryn¬ 
geal nerve was also included and severely dam¬ 
aged. As a consequence of this, the cricothyroid 
muscle on the right side was paralyzed. This 
muscle normally tenses the vocal fold of the 
same side. In this patient the right vocal fold 
was slack, causing hoarseness of the voice. The 
superior thyroid artery arises from the external 
carotid artery at a level just below the tip of the 
greater cornu of the hyoid bone. The superior 
thyroid vein drains into the internal jugular 
vein. 


10. The patient is suffering from parathyroid tet¬ 
any due to accidental removal of one or more 
of the parathyroid glands during the operation 
of total thyroidectomy. Sometimes the condi¬ 
tion occurs following interference with the 
blood supply to these glands. The function of 
the parathyroid gland is to secrete a hormone 
that regulates calcium metabolism and plasma 
calcium concentration. A low level of plasma 
calcium results in increased neuromuscular ex¬ 
citability and the clinical syndrome known as 
tetany. 

11. The patient had a carcinoma of the cervical 
part of the esophagus. Radiological examina¬ 
tion following the swallowing of a barium 
emulsion revealed the stenosis produced by the 
neoplasm. The growth has spread by the lym¬ 
phatics to the deep cervical lymph nodes. 

12. This patient is suffering from vascular insuffi¬ 
ciency of the left arm, which is due to partial 
constriction of the subclavian artery. An 
anteroposterior radiograph of the neck revealed 
the presence of a complete cervical rib on the 
left side. The subclavian artery was found at 
operation to be angulated as it passed over the 
rib. A fusiform dilation of the artery distal to 
the constriction was also noted. Such a dilation 
is a common finding and may be the site of the 
formation of blood clots on the intima. Pieces 
of the thrombus sometimes become detached 
and form emboli, which may block the bra¬ 
chial artery' or one of its branches and so fur¬ 
ther diminish the vascular supply to the hand. 

13. This overworked physician was guilty of negli¬ 
gence and should never have prescribed treat¬ 
ment without thoroughly examining his pa¬ 
tient. Of course, the patient did not wish to 
disturb her Easter bonnet, but the physician 
should have been firm and had the patient re¬ 
move it. Further examination would have re¬ 
vealed a large sebaceous cyst on the temporal 
region of the scalp, which the patient had had 
for 30 years. She was embarrassed bv its pres¬ 
ence and always contrived to conceal it beneath 
her hat. Two weeks previously she had inad¬ 
vertently stuck her hatpin into the cyst, which 
had become infected. The organisms had 
spread by the lymphatics to the regional lymph 
nodes, hence the lymphadenitis of the mastoid 
nodes. 
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14. (a) If the swelling is very extensive, the hema¬ 
toma is situated beneath the epicranial aponeu¬ 
rosis and is limited only by the attachment of 
the aponeurosis to the skull, (b) If the swelling 
is large but restricted to one bone, the hema¬ 
toma is situated beneath the periosteum of the 
skull bone and is limited by the attachment of 
the periosteum to the sutural ligaments, (c) If 
the swelling is small, superficial, and tense, it 
probably lies in the subcutaneous tissue and is 
limited bv the fibrous tissue that binds the skin 
to the epicranial aponeurosis. In all injuries to 
the head there should be a complete radiologi¬ 
cal examination; severe fractures of the skull 
are sometimes missed on clinical examination. 

15. The veins of the scalp are connected to the di¬ 
ploic veins of the skull bones, and to the intra¬ 
cranial venous sinuses, by valveless veins, called 
emissary veins. Thrombosis of the scalp veins 
secondary to infection could easily result in the 
spread of pathogenic organisms from the scalp 
to the skull bones, producing an osteomyelitis, 
or thrombosis of the venous sinuses, resulting 
in cerebral edema and possibly death. 

16. The tunica adventitia of the numerous arteries 
supplying the scalp is anchored to the fibrous 
septa that bind the skin to the epicranial apo¬ 
neurosis. A sectioned artery is therefore unable 
to contract or retract to slow the circulation so 
that clotting may take place. Bleeding may 
be stopped by applying firm pressure to the 
wound. A deep wound of the scalp involving 
the section of the epicranial aponeurosis always 
gapes open due to the pull of the occipitofron¬ 
talis muscles. For this reason the aponeurosis 
should be sutured. 

17. The “danger area” of the face is drained by the 
facial vein. Interference with a boil may lead to 
spread of infection and thrombosis of the facial 
vein. The pathogenic organisms may then 
spread via the inferior ophthalmic veins to the 
cavernous sinus and cause thrombosis there. 
Cavernous sinus thrombosis is a serious condi¬ 
tion, resulting in cerebral edema, and in the 
days before antibiotics it was always fatal. 

18. The right facial nerve had been damaged as it 
lay in the facial nerve canal in the medial wall 
of the aditus of the tympanic antrum. The un¬ 
opposed facial muscles on the left side pulled 
the left corner of the mouth upward and to the 


left. The right orbicularis oculi was paralyzed; 
hence the boy could not close his right eye. The 
right buccinator was paralyzed, resulting in 
ballooning of the cheek and accumulation of 
saliva. 

19. The muscles of the upper part of the face are 
controlled by the cerebral cortex on both sides 
of the brain. The muscles of the lower part of 
one side of the face are controlled by the cere¬ 
bral cortex on the opposite side of the brain. 
This patient had a hemorrhage into the right 
internal capsule involving the genu and the an¬ 
terior two-thirds of the posterior limb. The up¬ 
per part of the face moved normally, but the 
muscles on the left side of the mouth were par¬ 
alyzed. (The upper motor neurons coming 
from the right cerebral cortex cross over at the 
level of the facial nerve nucleus.) As a result, 
the unopposed action of the right facial mus¬ 
cles pulled the right corner of the mouth up¬ 
ward. 

20. The mandibular division of the trigeminal 
nerve supplies a strip of skin that extends from 
the temporal region of the scalp in front of the 
ear (including the anterior part of the auricle) 
and it also supplies the skin over the lower jaw, 
including the lower lip. The skin over the pa¬ 
rotid gland and a small area over the angle of 
the mandible is supplied by the great auricular 
nerve (C2 and 3). 

21. The facial nerve, the retromandibular vein, and 
the external carotid artery lie within the pa¬ 
rotid salivary gland. This patient had a highly 
invasive carcinoma of the right parotid gland, 
which quickly involved the right facial nerve, 
with consequent weakness of the right facial 
muscles. The method used clinically to test the 
integrity of the facial nerve is fully described on 
page 906. A benign tumor of the parotid gland 
tends not to damage the facial nerve. 

22. The patient is suffering from Frey’s syndrome. 
The dart had damaged the parasympathetic se- 
cretomotor fibers to the parotid gland and also 
branches of the great auricular nerve, which 
supply the overlying skin. On regeneration, 
some of the parasympathetic fibers had crossed 
over and joined the distal end of the great au¬ 
ricular nerve. A stimulus normally producing 
salivation stimulated the sweat glands instead. 
The best method of treatment is avulsion of the 
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auriculotemporal nerve, which carries the 
parasympathetic fibers. 

23. The student had dislocated his temporoman¬ 
dibular joints on both sides. When he yawned, 
his lateral pterygoid muscles reflexlv contracted 
forcibly and pulled the head of the mandible 
and the articular disc forward over the summit 
of the articular tubercle in each joint. Reduction 
is easily performed by pressing the gloved 
thumbs downward and backward on the last 
molar teeth. 

24. This patient had a bilateral fracture of the 
mandible. The fracture line went through the 
socket of the canine tooth on each side, which 
is the weakest part of the body of the mandible. 
The fractures were compound, since the mu- 
coperiosteum is invariably torn in fractures of 
the body of the mandible. The center part of 
the mandible with the incisor teeth was de¬ 
pressed due to the downward pull of the ante¬ 
rior bellies of the digastric muscles. 

25. The submandibular duct may be palpated 
through the floor of the mouth alongside the 
tongue. It is often possible to palpate a calculus 
in the duct in this situation. The duct opens 
into the mouth at the side of the frenulum of 
the tongue. The narrowest part of the duct is at 
the orifice. 

26. The anterior and posterior fontanelles of the 
skull can be easily palpated in the infant. 
The anterior fontanelle remains open until 18 
months, and the posterior fontanelle closes by 
the end of the first year. In cases of raised in¬ 
tracranial pressure, the fontanelles bulge up¬ 
ward. 

27. A minor blow on the side of the head may eas¬ 
ily fracture the thin anterior part of the parietal 
bone or the squamous part of the temporal 
bone. The anterior branch of the middle men¬ 
ingeal artery commonly enters a bony canal in 
this region and is sectioned at the time of the 
fracture. The resulting hemorrhage causes the 
gradual accumulation of blood under pressure 
outside the meningeal layer of the dura mater. 
As the blood clot enlarges, pressure is exerted 
on the underlying brain, and the symptoms of 
confusion and irritability become apparent. 
This is followed later by drowsiness. Pressure 
on the lower end of the right precentral gyrus 


or motor area causes twitching of the facial 
muscles on the left and later twitching of the 
left arm muscles. As the blood clot progres¬ 
sively enlarges, the intracranial pressure rises 
and the patient’s condition deteriorates. The ac¬ 
curate placing of a burr hole in the skull (see p. 
904) and the tying off of the middle meningeal 
artery will save the patient’s life. 

28. Right abducent nerve and right lateral rectus 
muscle. 

29. Bitemporal hemianopia is a loss of both tem¬ 
poral fields of vision and is due to the interrup¬ 
tion of the optic nerve fibers derived from the 
medial halves of both retinae. Pressure on the 
optic chiasma by a tumor of the pituitary gland 
is the most common cause of the condition. 

30. The glossopharyngeal nerve supplies the mu¬ 
cous membrane of the posterior third of the 
tongue with taste fibers and those for common 
sensation. These sensations can easily be tested 
by using appropriate stimuli. 

31. The ocular manifestations of hyperthyroidism 
are proptosis, retraction of the upper lid, and 
lid-lag (the upper lid fails to move with the eye 
as the patient is asked to look downward). 

Exophthalmos was originally believed to be 
due to the excessive contraction of smooth mus¬ 
cle present in the back of the orbital cavity forc¬ 
ing the orbital contents forward. Now it is be¬ 
lieved to be due to a general weakness of the 
recti muscles resulting from infiltration with 
fat and lymphoid tissue. 

Retraction of the upper lid and lid-lag may 
be due to increased tone of the smooth muscle 
component of the levator palpebrae superioris. 
It is more likely to be a secondary mechanical 
defect associated with the exophthalmos. 

32. Foreign bodies in the conjunctival sac tend to 
lodge in the subtarsal sulcus. The eyelid should 
be everted and the foreign body wiped off with 
a piece of moist cotton. 

33. The pathogenic organisms ascend from the na¬ 
sal part of the pharynx through the auditory 
tube into the tympanic cavity. They may then 
spread posteriorly into the mastoid antrum and 
the mastoid air cells (acute mastoiditis). They 
may extend medially from the antrum to the 
sigmoid sinus, causing venous sinus thrombosis 
and possibly septicemia. The organisms may 
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spread superiorly through the tegmen tvmpani, 
causing meningitis and possibly later an ab¬ 
scess in the temporal lobe of the brain or in the 
cerebellum. They may spread medially to in¬ 
volve the facial nerve or the labyrinth of the in¬ 
ternal ear (labyrinthitis). 

34. The patient was suffering from a frontal and 
maxillary sinusitis on the right side. The su¬ 
praorbital nerve supplies not only the frontal 
sinus but also the skin of the scalp as far back 
as the vertex. The pain is commonly referred to 
this area. The maxillary sinus is innervated by 
the infraorbital nerve, which also supplies the 
skin of the face. The pain is referred to the skin 
of the face and also commonly to the upper 
teeth. 

35. The pyriform fossa, which is innervated by the 
internal laryngeal branch of the superior la¬ 
ryngeal branch of the vagus. 

36. The left vocal fold assumes the adducted mid¬ 
line position. 

37. The optic nerves are surrounded by sheaths de¬ 
rived from the pia mater, arachnoid mater, and 
dura mater. There is an extension on the intra¬ 
cranial subarachnoid space forward around the 
optic nerve to the back of the eyeball. A rise in 
cerebrospinal fluid pressure caused by an intra¬ 
cranial tumor will compress the thin walls of 
the retinal vein as it crosses the extension of the 
subarachnoid space. This will result in conges¬ 
tion of the retinal vein and bulging of the optic 
disc. Since both subarachnoid extensions are 
continuous with the intracranial subarachnoid 
space, both eyes will exhibit papilledema. 

38. The bones that form the orbital margin are the 
frontal, zygomatic, and maxillary bones. 

39. A severe cold involving the mucous membrane 
of the nasopharynx may spread to the auditoiy 
tube. Inflammatory edema may cause the mu¬ 
cous membrane of the tube to swell and block 
the lumen of the tube. As a result, the air in the 
tympanic cavity is no longer in communication 
with the nasopharynx. The trapped air is now 
slowly absorbed into the bloodstream, produc¬ 
ing a partial vacuum in the tympanic cavity. 
The tympanic membrane is sucked medially 
and its mobility is impaired. The failure of the 
tympanic membrane to vibrate is responsible 
for the deafness. The vacuum and the pull on 


the tympanic membrane causes the ear to ache. 

Repeated swallowing while sucking on a 
candy causes the salpingopharyngeus muscle to 
pull open the auditory tube, and in many cases 
allows air to pass the obstruction. The sudden 
popping sounds in the ear result from air rush¬ 
ing into the tympanic cavity. Once the pressure 
is equalized on both sides of the tympanic 
membrane, normal hearing returns and the 
earache ceases. 

40. The procedure for carrying out a brachial 
plexus nerve block is described on page 897. 
The important layer of fascia that encloses the 
axillary vessels and the brachial plexus is the 
prevertebral layer of deep cervical fascia. This 
layer of fascia forms the axillary sheath, which 
confines the anesthetic agent to the area of the 
brachial plexus. 


Chapter 12 

1. Acute staphylococcal infection of the lower end 
of the right femur at the age of 7 years resulted 
in inhibition of growth at the lower femoral 
epiphysis. During the next 3 years this resulted 
in 1 inch (2.5 cm) of shortening of the right 
femur. When the boy stood upright, with both 
feet on the ground, the pelvis tilted downward 
on the right side. To compensate for the pelvic 
tilt, a lumbar scoliosis developed, and in order 
to keep the line of gravity running through 
the vertebral column, a second compensatory 
curve developed in the thoracic region. 

Osteomyelitis occurring close to an epiphysis 
may cause diminished growth. At other times, 
owing to the local hyperemia, it may cause in¬ 
creased growth. 

2. This child’s father and mother were both over 
6 feet (1.8 m) tall. On examination, she was 
found to be thin, with poor muscular develop¬ 
ment. On inspection of her back, she was noted 
to have a gentle kyphosis confined to the upper 
thoracic region. She was able to correct this 
partially when asked to straighten her back. On 
testing her muscular strength, it was found to 
be generally weak. It was clear that this girl’s 
muscular development had not kept pace with 
her body growth. This, together with her nu¬ 
merous illnesses, had resulted in the vertebral 
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column not receiving adequate muscular sup¬ 
port. Since she was above average height, her 
school desk was too low for her, and she was 
forced to stoop over her books. This further ex¬ 
acerbated the condition. In order to support her 
back when her muscles were fatigued, she 
tended to rotate her vertebrae, lock her articu¬ 
lar processes, and stretch the intervertebral lig¬ 
aments. Over a period of time, this caused 
discomfort and pain. If such a condition is al¬ 
lowed to continue without treatment, struc¬ 
tural changes take place in the vertebrae, so 
that a permanent kyphosis occurs. Graduated 
muscular exercises, good food, and fresh air, to¬ 
gether with a raised desk top, would be the 
treatment of choice in this patient. 

3. This boy had tuberculosis of the right lung, 
which had become quiescent with treatment. 
Since he did not follow his physician’s advice 
concerning rest and diet, the disease recently 
had become active and spread via the blood¬ 
stream to the fifth thoracic vertebra. Bone de¬ 
struction started in the cancellous bone of the 
vertebral body, close to the intervertebral disc. 
As the disease progressed, the intervertebral 
disc was destroyed, and the adjacent vertebra 
became involved. At this stage, the first verte¬ 
bral body collapsed, producing an acute angu¬ 
lar kyphosis. 

4. This patient had advanced carcinoma of the 
prostate, which had already spread locally be- 
vond the capsules of the gland to involve the 
sacral plexus on the right side. This explains the 
fixation of the gland and the right-sided sciat¬ 
ica. In addition, the carcinomatous cells had 
entered the prostatic venous plexus and had as¬ 
cended in the internal vertebral venous plexus. 
Frequent straining on micturition no doubt as¬ 
sisted the process and resulted in the carcino¬ 
matous cells reaching the bone marrow of the 
vertebral body and the innominate bones. 

5. This patient had symptoms suggestive of irri¬ 
tation of the right sixth cervical nerve root. The 
radiograph revealed narrowing of the space be¬ 
tween the fifth and sixth cervical vertebral bod¬ 
ies, suggesting a herniation of the nucleus pul- 
posus of the intervertebral disc at this level. 

6. Herniation of the nucleus pulposus of the in¬ 
tervertebral disc between the fifth lumbar ver¬ 
tebra and the sacrum was the diagnosis. The 


herniation occurred on the left side and was 
relatively small, hence the absence of radiolog¬ 
ical evidence. The pain occurred in the derma¬ 
tomes of the fifth lumbar and first sacral seg¬ 
ments, and the sensory roots of these segments 
were presumably involved on the left side. The 
deep muscles of the back in the left lumbar re¬ 
gion were in spasm due to irritation of the mo¬ 
tor roots of those segments of the cord. The di¬ 
minished left ankle jerk could be caused by 
pressure either on the motor or on the sensory 
roots of the first sacral nerve. The lumbar sco¬ 
liosis was produced by the spasm and shorten¬ 
ing of the deep muscles of the back in the left 
lumbar region. 

7. The boy’s head, on striking the bottom of the 
pool, forced the neck into excessive flexion. The 
left inferior articular process of the fifth cervi¬ 
cal vertebra was forced over the anterior mar¬ 
gin of the left superior articular process of the 
sixth cervical vertebra, producing a unilateral 
dislocation, hence the rotation of the head to 
the right. The tearing of the capsular ligaments 
and the nipping of the sixth left cervical nerve 
caused spasm of the neck muscles and extreme 
pain in the sixth left cervical dermatome. A lat¬ 
eral radiograph of the cervical vertebral col¬ 
umn would reveal the dislocation. The large 
vertebral canal in the cervical region permitted 
the spinal cord to escape injury. 

8. This patient had a severe fracture dislocation 
between the fifth and sixth thoracic vertebrae. 
In cases of this nature the spinal cord is invari¬ 
ably severely damaged or even severed. One 
would expect to find the signs and symptoms 
of spinal shock and paraplegia. The vertical ar¬ 
rangement of the articular processes and the 
low mobility of this region because of the tho¬ 
racic cage mean that a dislocation can occur in 
this region only if the articular processes are 
fractured by a great force. The small circular 
vertebral canal leaves little space around the 
spinal cord, so that severe cord injuries are cer¬ 
tain. 

9. Severe direct trauma to the lumbar region 
should immediately alert the physician to the 
possibility of damage to the kidney, muscles, 
and transverse processes of lumbar vertebrae. 
Anteroposterior and lateral radiographs of the 
lumbar vertebral column will exclude or con- 
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firm a fracture. The examination of a 24-hour 
specimen of urine for blood will exclude or con¬ 
firm injury to the kidney. The lumbar trans¬ 
verse processes are long and tapered and may 
be fractured by direct trauma. This may well 
be the cause of the persistent pain. Damage to 
muscles such as the erector spinae or quadratus 
lumborum, followed by fibrous tissue adhe¬ 
sions, is often responsible for protracted pain 
in the elderly. 

10. This patient had spondylolisthesis involving the 
fifth lumbar vertebra. During the 5 years that 
she had experienced back pain, the body of the 
fifth lumbar vertebra had slowly become dis¬ 
located in front of the sacrum. The details of 
this condition, with the embryological expla¬ 
nation, are given on page 949. 

11. Skin, superficial fascia, supraspinous ligament, 
interspinous ligament, ligamentum flavum, 


areolar tissue containing the internal vertebral 
venous plexus, dura mater, and arachnoid ma¬ 
ter. 

12. This patient had advanced carcinoma of the 
left breast, with lymphatic spread to the pec¬ 
toral lymph nodes of the left axilla and blood- 
borne metastases in the bodies of the second 
and third lumbar vertebrae. On further ques¬ 
tioning, the patient admitted knowledge of the 
lump in the left breast, but said she had been 
afraid to mention it because she thought that it 
might indicate cancer. She had first noticed the 
lump 6 months earlier. 

The moral of this case history is that you 
should always examine your patients thor¬ 
oughly and completely. You may learn your 
anatomy by regions, but remember that your 
patient is a whole person. 
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lymphatics of 

anterior, 154, 164, 172, 
173, 175, 182, 183 
posterior, 182, 183, 261, 
262 

muscles of 

anterior and lateral, 154- 
161, 163, 164, 182, 
200 

clinical notes on, 185 
function of, 161 
nerve supply of, 161, 178, 
179 

posterior, 177-179, 180, 
201 

rigidity of, 182, 197-198, 
202, 959, 961 
surgical incision splitting, 
186 
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Abdominal wall —Continued 
National Board type ques¬ 
tions on, 200-202 
answers to, 983 
nerves of, 180 

anterior, 152-153, 161- 
163, 172, 182 
posterior, 178, 179, 261- 
267 

paracentesis of, 192, 193 
peritoneal lining of, 180, 

181 

posterior, 148, 175-179, 

180, 182, 183, 231, 
258-267 
regions of, 149 
scrotum, 146-148, 172, 174 
skin of, 152-154, 174 

clinical notes on, 182-185 
spermatic cord, 168-174 
structure of, 151-181 
surface anatomy of, 145- 
151 

testis, 169, 174-175 

clinical notes on, 192-193 
trauma of, 197, 198, 366, 
958, 959, 966 
veins of, 182 

anterior, 153, 164, 172 
posterior, 258-261 
Abduction, 5 

of fingers and thumb, 513, 

"514-516, 517 
of hip joint, 604 
of shoulder joint, 447, 448 
of wrist, 512, 542 
Abortion 

infection from, 365 
tubal, in ectopic pregnancy, 
363 

Abscess 

of breast, 526, 545, 969 
ischiorectal, 395, 397, 400, 
967-968 
of liver, 286 
pelvic, 365 
pelvirectal, 395 
perianal, 395, 396 
subcutaneous, 395 
submucous, 395 
peritonsillar, 908 
of retropharyngeal lymph 
nodes, 897 
subphrenic, 279 
Accommodation of eyes, 828, 
907 

Acetabulum, 310, 563-565 
Acetylcholine, 33 
Achilles tendon, 559, 609, 

628, 695, 974 

reflex of, 43, 679, 694, 947, 
952, 973, 980 

Acid, gastric secretion of, 282, 
283, 293,962 


Acid phosphatase, in prostatic 
secretions, 341, 362 
Acne, 913 
Acromion, 416 
Adam's apple, 857 
Addison’s disease, 291 
Adduction, 5 

of fingers and thumb, 513, 

" 514, 516,517 
of hip joint, 604, 974 
of shoulder joint, 447 
of wrist joint, 512, 542 
Adenohypophysis, 802 
Adenoidectomy, 908 
Adenoids, 908 
Adhesions, pleural, 135 
Adrenal glands, 207, 258, 
291-292, 297 
Age-related changes 

of basic anatomic struc¬ 
tures, 39^0, 43-47 
of bones, 38-39, 43 
of breasts, 403^104, 412 
of liver, 43^7 
of ovary, 345-347, 362 
in respiration, 100 
of skull, 903 
of thorax, 78 
of uterus, 349, 352 
of vertebral column, 926, 
929, 931, 932 
Agger nasi, 853 
Ala of nostril, 853 
Allen test of ulnar and radial 
arteries, 524—525 

Ampulla 

of mammary gland, 412 
rectal, 332 

of semicircular canals, 837 
of uterine tube, 347 
of vas deferens, 340 
of Vater, 246 

Anal canal, 372, 376-380, 402 
anatomic relations of, 376 
blood supply of, 376, 378, 
380, 393,394 
carcinoma of, 692 
clinical notes on, 393-397 
in defecation, 380 
in female, 376 
fissure of, 395, 396 
fistulae of, 395 
hemorrhoids, 393-395 
external, 395 
internal, 393-395 
junction with rectum, 380 
lymphatic drainage of, 376, 
380,397 
in male, 376 

mucous membrane of, 376, 
380,401, 967 
muscular coat of, 376 
nerve supply of, 376, 380 
structure of, 376-380 


Anal columns, 376, 395 
Anal triangle, 372, 373, 376- 
382, 393-397 

Anal valves, 376, 395, 396, 

401 

Analgesia 

caudal, 328, 964-965 
of pudendal nerve, 400 
Anastomosis 

of arteries, 21, 24 
cruciate, 577 
at knee joint, 616 
at shoulder joint, 440, 

441 

trochanteric, 576 
at wrist joint, 475 
arteriovenous, 25 
portal-systemic venous, 

139, 238, 240, 286, 
297, 958 

Anatomical structures, basic, 
5-40 

age-related changes in, 39- 
40, 43^7 

blood vessels, 21-25, 42 
bones, 34-39, 41^2 
bursae, 21, 22, 42 
cartilage, 39 
clinical notes on, 40-49 
clinical problems on, 49-50 
answers to, 955—956 
fasciae, 8, 41 
joints, 16-21, 42 
ligaments, 21 
lymphatic system, 25, 26, 
42-43 

mucous membranes, 34 
muscle, 9-16, 41 
National Board type ques¬ 
tions on,51-52 
answers to, 983 
nervous system, 25-34, 43 
racial differences in, 39-40 
radiography of, 47-^9 
serous membranes, 34 
sexual differences in, 39 
skin, 5—8, 40-41 
synovial sheath, 21, 22, 42 
Anatomical terms, 1-5 
clinical notes on, 40 
related to movement, 2-5 
related to position, 1-2 
Anesthesia 

brachial plexus nerve block 
in, 528, 897, 915, 979 
caudal, 328, 951, 964-965 
mandibular nerve block in, 
902 

pudendal nerve block in, 

400 

spinal, 140 
in labor, 352 

stellate ganglion block in, 
900 


Aneurysm 
of aorta 

abdominal, 292 
of arch, 78, 136 
syphilitic, 141, 957 
of femoral artery, 692 
Angina 

Ludwig’s, 896 
pectoris, 140, 142 
Angle 

cardiophrenic, 124 
carrying, of elbow joint, 
506-508 

costophrenic, 124 
of eyelids, medial and lat¬ 
eral, 811, 813 
of femoral neck, 683 
of Louis, 55, 63 
lumbosacral, 307, 922 
of mandible, 772, 786, 790 
of ribs, 65 
of scapula 

inferior, 57, 405, 416- 
418, 922 
superior, 56, 922 
sternal, 55, 63, 76 
subcostal, 55 

Ankle jerk, 43, 679, 694, 952, 
973, 980 

diminished or absent, 947 
Ankle joint and region, 634— 
636, 658-661, 694- 
695, 697, 974 

Achilles tendon reflex (an¬ 
kle jerk) of, 43, 679, 

694, 947, 952, 973, 
980 

anatomic relations of, 661 
anterior, 634-635 
clinical notes on, 690 
fracture dislocation of, 690 : 

695, 974 

movements of, 661 
radiography of, 673, 674 
retinacula of, 617-620, 
634-363 

structures in region of, 
634-636 

surface anatomy of, 557- 
560 

trauma of, 690, 695, 974 
Anomalies. See Congenital 
anomalies 
Anosmia, 905 
Ansa 

cervicalis, 733, 734 
subclavia, 734 

Antagonists, muscular, 13-15 
Anterior surfaces, 1 
Antrum 

mastoid, 701, 835-836 
aditus to, 830 
infection of, 913, 978 
walls of, 835-836 
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Antrum— Continued 
pyloric, 219 
Anulus 

fibrosus, 926, 929, 948 
oval is, 103 

Anus, 372, 376. See also Anal 
canal 
Aorta, 114-117 

abdominal, 151, 200, 258, 
259, 292, 296, 964 
branches of, 258, 260 
clinical notes on, 292 
gradual occlusion of, 292 
aneurysms of 
abdominal, 292 
in arch, 78, 136 
syphilitic, 141, 957 
arch of, 62, 78, 80, 117 
aneurysm of, 78, 136 
branches of, 117 
arteriosclerosis of, 292, 964 
ascending, 114 
branches of, 114 
coarctation of, 78, 140 
descending, 117 
branches of, 117 
Aperture, nasal 
anterior, 786 
posterior, 787 
Apex 

of arytenoid cartilage, 857 
of axilla, 418 
of bladder, 336, 343 
of heart, 56, 61, 102 
of lung, 57, 78, 89, 136, 898 
of prostate, 340 
Apex beat of heart, 56, 78, 80, 
102 

Aponeurosis, 9, 10 
bicipital, 407, 453 
epicranial, 744, 901, 976, 
977 

palatine, 850 
palmar, 488, 542-543 
plantar, 636, 637, 692 
Apparatus 

biliary, extrahepatic, 245- 
248,286-288 
lacrimal, 815^816 
Appendices epiploicae, 239 
Appendicitis, 284 

pain in, 293, 359, 963 
referred, 295 
Appendix 

of epididymis, 193 
of testis, 193 
cyst of, 200, 961 
vermiform, 205, 230, 232 
base of, 293, 962 
blood supply of, 232, 284, 
293,962 

clinical notes on, 284 
congenital anomalies of, 
232, 242 


Appendix, vermiform— 
Continued 

inflammation of, 281, 

282,283,284,293, 
295,359,963 
lymph vessels of, 232 
nerves of, 232 
perforation of, 284, 292, 
293, 961,962 
radiography of, 272 
rupture of, 197-198, 959 
surface anatomy of, 151 
Aqueduct, cerebral, 805 
Arachnoid mater 
of brain, 800-A01 
of spinal cord, 938 
Arch 

alveolar, 786 
of aorta, 62, 78, 80, 117 
aneurysm of, 78, 136 
branches of, 117 
of cricoid cartilage, 857 
dorsal venous 
of foot, 559, 651 
ofhand,504 

of foot, bony, 665—668, 974 
clinical notes on, 692 
jugular venous, 705, 710 
palatoglossal, 848 
palatopharyngeal, 848 
palmar arterial 
deep,411 412,501 
superficial, 411, 475, 476, 
501 

plantar arterial, 648 
pubic, 306 

measurement of, 324 
superciliary, 786 
vertebral, 925 
joints between, 929 
zygomatic, 701, 786 
fractures of, 904 

Area 

auditory, 803 
bare, of liver, 244 
Broca’s, 803 

intercondylar, of tibia, 607 
motor, 803 
motor speech, 803 
sensory, 803 
visual, 803 
Areola, 403, 412 
Arm 

bones of, 418 

forearm, 463—465, 468—486. 

See also Forearm 
lymphangitis of, 525 
nerves of, 447, 450, 451, 
459, 462-^63 
clinical notes on, 526-537 
lateral cutaneous, 440, 
447, 462 

medial cutaneous, 430, 
447 


Arm, nerves of— Continued 
posterior cutaneous, 447 
radial nerve branches, 

529 

superior cutaneous, 440 
skin of, 447-450, 468, 531 
upper, 447—463 

blood vessels of, 447, 450, 
454, 456, 458, 459, 
463 

fascial compartments of, 
450-463 

anterior, 450-459, 529 
posterior, 459—463 
lymphatic vessels of, 447- 
450, 452 

muscles of, 450, 453—456, 
457, 459-462, 463 
Armpit. See Axilla 
Arrector pili, 7 
Arteriography 

carotid internal, 880^883 
cerebral, 869, 874 
Arterioles, 21 

glomerular, afferent, 255 
Arteriosclerosis 
of aorta, 292, 964 
of carotid artery, 898 
Artery(ies), 21 

of abdominal wall, 151 
anterior, 153, 163, 172 
posterior, 258 
Allen test of, 524—525 
alveolar 

inferior, 768 
posterior superior, 839 
anastomosis of, 21, 24. See 
also Anastomosis, of 
arteries 

anatomical end, 21, 24, 42 
aorta, 114-117. See also 
Aorta 

appendicular, 232, 237, 284 
arcuate, 255, 652 
auricular, posterior, 727, 

746 

axillary, 405, 426—428, 524 
anatomic relations of, 
426—428 

branches of, 428, 440 
first part of, 426, 428 
laceration of, 897 
second part of, 426—427, 
428 

third part of, 427—428 
of back, 935 
basilar, 808 

branches of, 808 
brachial, 407, 456, 524, 

525, 549 

anatomic relations of, 

456 

branches of, 456 
laceration of, 897 


Artery(ies), brachial— 
Continued 
spasms of, 970 
brachiocephalic, 62, 117, 
705 

of brain, 800, 807-808 
branches of, 21 
bronchial, 95, 117 
to bulb of penis, 388 
carotid, 706, 724-727 
common, 706, 724-726, 
898 

anatomic relations of, 
724-726 
left, 62, 117 
pulse of, 898 

external, 2, 706, 726-727, 
760 

anatomic relations of, 

726 

branches of, 726-727 
internal, 2, 706, 727, 807 
anatomic relations of, 

727 

arteriography of, 880- 
883 

arteriosclerosis of, 898 
branches of, 807 
cecal, 231, 237 
celiac, 220, 221, 223, 235 
branches of, 223 
central, of retina, 826, 827 
cerebellar, posterior infe¬ 
rior, 808 
cerebral 

anterior, 807 

arteriography of, 869, 874 
central branches of, 807, 
808 

communicating, 807 
cortical branches of, 807, 
808 

detection of abnormali¬ 
ties of, 874 
middle, 807 
posterior, 808 
cervical 
deep, 741 

superficial, 440, 717, 
740-741 
choroidal, 807 
ciliary, 826 
colic 

left, 234, 237 
middle, 234, 237 
right, 233, 237 
collateral circulation, 42, 
524 

in lower limb, 676—677, 
694, 973 

communicating, of cere¬ 
brum 

anterior, 807 
posterior, 807 
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Artery(ies )—Continued 
coronary, 109-111 
branches of, 109 
left, 109, 114 

occlusion of, 50, 138, G78, 
956 

right, 109, 114 
costocervical trunk, 741 
cremasteric, 172 
to crura of penis, 388 
cystic, 223, 248 
digital, 501 
dorsal, of penis, 388 
dorsalis pedis, 559, 648, 

652, 676, 697 
branches of, 648, 652 
palpation of, 974 
of duodenum, 226 
of dura mater of brain, 800 
epigastric 

inferior, 163, 187, 258, 

320 

rupture of, 959 
superficial, 588 
superior, 74, 163 
esophageal, 117 
facial, 702, 726, 751-752, 
781-782 

branches of, 752, 781— 

782 

transverse, 752 
femoral, 258, 320, 556, 

588-590, 694, 696, 
973 

anatomic relations of, 

588 

aneurysm of, 692 
branches of, 588-590 
catheterization of, 676 
clinical notes on, 676 
lateral circumflex, 590, 
596 

medial circumflex, 590, 
596 

occlusion of, 676-677 
palpation-of, 974 
of foot, 676 

on dorsum, 648, 652 
on sole, 648 
of forearm 

anterior, 475^76 
lateral, 477, 478 
posterior, 479, 483^186 
functional end, 21, 24, 42, 
138, 956 
gastric, 220, 223 
gastroduodenal, 223, 544, 
968 

gastroepiploic, 220, 223 
of gastrointestinal tract, 
235-237 

genicular, descending, 590 
gluteal, 576-577 
inferior, 576-577 
superior, 576 


Arterv(ics )—Continued 
of hand, 524-525 
on dorsum, 506 
on palm, 411-412, 475, 
476, 501 

of heart, 109-111 
hepatic, 212, 213, 223, 244- 
245 

branches of, 223 
common, 223 
left, 223 
proper, 223 
right, 223 
humeral 

anterior circumflex, 428, 
440 

posterior circumflex, 428, 
440 

hypophyseal, superior and 
inferior, 802 
ileal, 237 
ileocolic, 233, 237 
branches of, 237 
iliac 

common, 258, 320 
deep circumflex, 163, 

258, 320 

external, 151, 258, 320 
internal, 258, 320, 330 
superficial circumflex, 

588 

infraorbital, 839 
intercostal, 62, 68, 69 
anterior, 69, 74 
posterior, 69, 117, 163 
superior, 741 
interosseous 

anterior, 476, 486 
common, 475-476 
posterior, 476, 483^186 
interventricular 
anterior, 109 
posterior, 109 
jejunal, 237 
of kidney 

interlobar, 255 
interlobular, 255 
lobar, 254-255 
segmental, 254 
labial 

inferior, 752 
superior, 752 
lacrimal, 826 

laryngeal, superior, 726, 976 
of leg, 694, 973 
anterior, 622 

clinical notes on, 676-677 
lateral, 625 

occlusive disease of, 676- 
677 

posterior, 632-634 
sympathetic innervation 
of, 677 

lenticulostriate, rupture of, 
905 • 


Arterv(ics )—Continued 
lingual, 726, 782 
branches of, 782 
of lower limb, clinical notes 
on, 676-677 
lumbar, 163 

marginal, of gastrointes¬ 
tinal tract, 237, 294, 
964 

maxillary, 727, 768, 839 
branches of, 768, 839 
median, 476 
mediastinal, 74 
medullary, 808 
meningeal, 808 
injuries of, 904 
middle, 768, 786, 793, 

800 

anterior branch of, 

701, 915, 978 
mesenteric 

inferior, 235,237, 297 
branches of, 237 
superior, 229, 236-237, 
295 

branches of, 237 
embolus in, 284 
metatarsal, first dorsal, 652 
musculophrenic, 74 
nasal, lateral, 752 
of neck, 724-727, 897-898 
nerves to, 733, 734 
in posterior triangle, 717- 
718 

in root region, 740—741 
nutrient 

to fibula, 634 
to humerus, 456 
to radius, 476 
to tibia, 634 
to ulna, 476 
obturator, 596 
occipital, 718, 726-727, 746 
occlusive disease of, 676, 

677 

in aorta, abdominal, 964 
coronary, 50, 678, 956 
in leg, 676-677 
in neck, 898 

ophthalmic, 807, 825-826 
branches of, 826 
ovarian, 255, 347 
palatine 

ascending, 781 
greater, 839 

in palm of hand, 411^112, 
475, 476, 501 
in palmar arterial arches, 
411-412 
pancreatic, 223 
pancreaticoduodenal, 250 
inferior, 237 
superior, 223 
of pelvic walls, 320 
perforating, 74 


Arterv(ies), perforating— 
Continued 
of leg, 634 
of thigh, 590, 596 
pericardiacophrenic, 74 
pericardial, 117 
peroneal, 634, 697 
pharyngeal, ascending, 

726 

plantar 

lateral, 634, 639, 640, 

648 

medial, 634, 639, 640, 

648 

popliteal, 557, 613-616, 

676 

branches of, 616 
palpation of, 974 
profunda brachii, 456, 463 
profunda femoris, 590, 596, 
600 

branches of, 596 
pudendal 

deep external, 590 
internal, 382, 388, 391 
branches of, 382 
superficial external, 590 
pulmonary trunk, 117-118 
branches of, 117-118 
sinuses of, 105 
radial, 409, 411, 476, 488, 
501,524,549 
Allen test of, 524-525 
branches of, 476 
on dorsum of hand, 

506 

on palm, 501 
palpation of, 545, 969 
radialis indicis, 501 
radicular, 939 
rectal, 336, 376, 380 
inferior, 336, 382 
middle, 336 
superior, 237, 336, 358 
recurrent 

interosseous, posterior, 
486 

radial, 476 
ulnar, 475 
renal, 254, 255,963 
supernumerary, 291 
sacral, median, 320 
of scalp, 746, 977 
sigmoid, 237 
sphenopalatine, 839 
spinal 

anterior, 808, 939 
posterior, 808, 939 
splenic, 223, 250, 295, 962 
branches of, 223 
to sternocleidomastoid 
muscle, 726 
of stomach, 220, 221 
subclavian, 524, 740-741, 
897 
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Arterv( ies), subclavian— 
Continued 

anatomic relations of, 
717, 740, 741 
branches of, 440, 740, 

741 

constriction of, 976 
emergency compression 
of, 524, 969 
first part of, 740-741 
left, 117, 740 
palpation of, 524 
right, 740 
second part of, 741 
third part of, 708, 717, 
741 

subcostal, 117 
sublingual, 782 
of submandibular gland, 
779, 782 

submental, 752, 782 
subscapular, 440 
supraorbital, 746, 752, 826 
suprarenal, 258 
suprascapular, 440, 718, 
740-741 

supratrochlear, 746, 752, 
826 

sympathetic innervation of 
in lower limb, 677, 694, 
974 

in neck, 733, 734 
in upper limb, 524-525 
tarsal, lateral, 652 
temporal, superficial, 701, 
727, 746, 752, 764 
testicular, 172, 255 
of thigh 

clinical notes on, 676 
medial, 596 
posterior, 600 
thoracic 

highest, 428 
internal, 62, 74, 741 
branches of, 74 
lateral, 428 

of thoracic cavity, 109-111, 
114-118, 121, 122, 
140 

thoracoacromial, 428 
thyrocervical trunk, 740- 
741 

thyroid 

inferior, 735, 740, 899 
superior, 726, 735, 899 
to thyroid gland, 735 
thyroidea ima, 705, 735 
tibial 

anterior, 622 

branches of, 622 
venae comitantes of, 
622 

posterior, 559, 632-634, 
676 

branches of, 634 


Artervlies), tibial, posterior— 
Continued 
palpation of, 974 
venae comitantes of, 
634 

tonsillar, 781-782 
ulnar, 411,475-476, 486, 
524,550 

Allen test of, 524-525 
branches of, 475-476 
deep, 501 

collateral, 456, 463 
palpation of, 524 
trauma of, 970 
of upper limb, clinical 

notes on, 524-525 
uterine, 349, 360-362, 367 
vaginal, 353, 393 
to vas deferens, 172 
vertebral, 740, 807-808, 864 
anatomic relations of, 

740 

branches of 
cranial, 808 
in neck, 740 
vesical, superior, 255 
Arthritis 

gonococcal, 42 
osteoarthritis of hip joint, 
687 

Arthroscopy, of knee join t, 

690 

Articulations, See Joints 
Asbestosis, 137 
Ascites, 199, 282 
Asthma, 137, 142, 958 
Atlas, cervical vertebral, 864, 
865, 925, 953 

Atrium 

cardiac, 102-104, 105-107 
left, 105-107, 141, 957 
contrast visualization 
of, 134, 140, 957 
openings into, 107 
right, 102-104, 105 

fetal remnants in, 103- 
104 

openings into, 103 
septum of, 103, 107 
defects of, 138 
nasal, 853 
Atrophy, disuse, 78 
Auricle ‘ 

of ear, 39, 701, 828, 830 
of heart. See Atrium, car¬ 
diac 

Auscultation 

of breath sounds, 54, 141, 
957 

of heart sounds, 112, 138- 
139,142,958 
of pericardial rub, 137 
of pleural rub, 135 
Autonomic nervous system, 
31-34, 43, 172 


Axilla, 405-407, 418-434 
apex of, 418 
base of, 418 

blood vessels of, 426-428 
brachial plexus branches in, 
428-433 

contents of, 426-434 
lymph nodes of, 433^34 
radial nerve branches in, 
462, 529,531 
injuries to, 531, 546, 969 
suspensory ligament of, 425 
walls of, 418 

muscles forming, 418- 
426 

Axillary tail of breast, 403, 

412 

Axis 

cervical vertebral, 864, 865, 
925 

of pelvis, 324 
of uterus, 347 
Axons, 25 


Babinski test, 694, 973 
Back, 434-447, 919-954 
anatomical spaces in, 439 
blood vessels of, 434, 437, 
935—936, 946-947 
bones of, 435 

caudal anesthesia, 328, 951, 
964-965 

clinical notes on, 945-951 
clinical problems on, 951- 
953 

answers to, 979-981 
deep fascia of, 935 
examination of, 922, 945- 
946 

joints of, 440-447 
lumbar puncture, 950-951, 
953, 954, 980-981 
lymphatic system of, 434, 
936 

meninges of, 938 
muscles of, 922, 933-935, 
945, 979, 980 
deep,933-935 
forming rotator cuff, 439 
intermediate, 933 
superficial, 434—439, 933 
National Board type ques¬ 
tions on, 953-954 
answers to, 984 
nerves of, 434, 437, 440, 

936 

pain in, 950 

referred, 945, 946 
radiography of', 939-945 
skin of, 434 
nerves of, 936 
spinal cord, 922, 936-939, 
949, 950. See also 
Spinal cord 


Back —Continued 

surface anatomy of, 919- 
922 

symmetry of, 922 
trauma of, 949, 950 
vertebral column, 919-920. 
See also Vertebral 
column 

Band, moderator, 104 
Barium studies 
enema, 272, 274 

air contrast, 357-358 
of pelvic colon and rec¬ 
tum, 357-358 

meal 

of esophagus and left 

atrium, 134, 140, 957 
of intestines, 267, 270, 
272, 273,274,293, 
962 

of stomach, 267, 270 
Barrel chest, 137 
Bed 
nail, 5 
parotid, 760 
Belly of muscle, 9 
Bennett's fracture, 540 
Bile canaliculi, 245 
Biliary apparatus, extrahe- 
patic, 245-248 
clinical notes on, 286-288 
common bile duct, 212, 

213, 226, 245, 246- 
247, 248,293,295, 
296, 963 

congenital anomalies of, 
286-288 

cystic duct, 245, 248, 296 
gallbladder, 247-248, See 
also Gallbladder 
hepatic ducts, 245-246 
obstruction of', 288 
radiography of, 272-276 
Biopsy 

of bone marrow, 50, 78, 

328, 956, 964 
of liver, 286 

Bladder, urinary, 250, 367, 

368 

age-related changes in, 47 
apex of, 336, 343 
atonic, 360 
automatic, 360 
autonomous, 360 
base of, 336, 343-344 
blood supply of', 338 
calculi in, 366, 966 
in children, 330 
clinical notes on, 359-360 
cystocele of, 327, 365 
cystoscopy, 360 
in female, 343-344, 360 
inflammation of, 362 
lymph vessels of', 338 
in male, 336—340, 360 
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Bladder, urinary— Continued 
and micturition, 338-340, 
360 

mucous membrane of, 338 
muscular coat of, 338 
neck of, 338, 344 
nerve supply of, 338, 339, 
360, '361 

palpation of, 151, 301, 359- 
360, 965 

radiography of, 267, 279 
spinal cord injuries affect¬ 
ing, 360, 361,366, 
966 

surface anatomy of, 301, 

302 

surfaces of, 336, 343-344 
inferolatcral, 336, 344 
posterior, 336, 343-344 
superior, 336, 344 
trauma of, 360, 965, 966 
trigone of, 338, 360 
Blind spot of retina, 827 
Blindness, in hemianopia, 905 
Blood pressure, 140 

in portal hypertension, 139, 
286958, 960 

Blood vessels, 21-25, 42, 52. 

See also Artcry(ies)*, 
Vcin(s) 

of abdominal wall, 151 
anterior, 153, 163-164, 
172 

posterior, 258-261 
of anal canal, 376, 378, 380, 
393, 394 

of appendix vermiform, 

232, 284, 293, 962 
of arm, 447, 450, 454, 456, 
458, 459, 463 
of axilla, 426-428 
of back, 434, 437, 935-936, 
946-947 
to skin, 434 

of bladder, urinary, 338 
of brain, 800, 806, 807-808 
of cecum, 231-232 
clinical notes on, 42 
of clitoris, 382, 391 
collateral, 42, 524 

in leg, 676-677, 694, 973 
of colon, 285 
ascending, 233 
descending, 234 
sigmoid, 234, 331-332 
transverse, 234 
of duodenum, 226-227 
of dura mater, 800 
of ear, 839 

of esophagus, 121, 737 
of face, 751-752, 901 
of femur, 685, 698, 973 
of foot, 648, 676 

on dorsum, 559, 651, 652 


Blood vessels, of foot— 
Continued 
on sole, 648 
of forearm, 468 
anterior, 475-476 
lateral, 477, 478 
posterior, 479, 483-486 
of gallbladder, 248, 288, 

289, 293, 962 
of gastrointestinal tract, 
234-238 

of gluteal region, 576-577 
of hand, 411-412, 524-525 
on dorsum, 504, 506 
on palm, 411-412, 475, 
476,501 

of heart, 109—111, 144 
of hypophysis cerebri, 802 
of ileum, 229 

in infratemporal fossa, 768 
of jejunum, 229 
of kidney, 254—255, 291 
of labia *382 
of larynx, 864 
of liver, 244—245, 286 
of lower limb, clinical notes 
on, 676—678 
of lungs, 95 

of mammary gland, 412 
of neck, 724-729, 896 

in posterior triangle, 717— 
718 

in root region, 740-741 
of nose, 855 
of orbit, 825-826 
of ovary, 347 
of pancreas, 250, 296 
of parathyroid gland, 736 
of parotid gland, 760 
of pelvic walls, 320-322 
of penis, 372, 382, 388, 964 
of pharynx, 849-850 
of popliteal fossa, 613-616 
of prostate, 343, 362 
of rectum, 335, 336, 358 
of scalp, 746-474, 900-901, 
976-977 

of shoulder region, 440, 

441 

of spermatic cord, 172 
of spinal cord, 939 
of spleen, 250 
of stomach, 220, 221 
of sublingual gland, 780 
of submandibular region, 
775, 779, 781-782 
of suprarenal gland, 258 
of' thigh 

anterior, 588-590 
medial, 596 
posterior, 600 

of thoracic cavity, 109-111, 
113-118, 121, 122, 
140 


Blood vessels— Continued 
of thoracic wall, 62, 68, 69- 
70, 74 

surface markings of, 62 
of thymus, 122 
of thyroid gland, 735-736, 
899' 

of tongue, 842 
of tonsils, 849 
of trachea, 737 
of upper limb, clinical 

notes on,524-525 
of ureter, 255 
of uterine tube, 347 
of uterus, 349 
of vagina, 353, 393 
Body 

anococcygeal, 313, 376 
carotid, 724 
ciliary, 826 
of clitoris, 391 
of epididymis, 175, 373 
of gallbladder, 247, 295 
geniculate, 809, 875 
of hyoid bone, 703 
of incus, 833 
of ischium, 563 
mammillary, 805 
of mandible, 702, 772, 786 
of pancreas, 249 
of penis, 372, 374, 384, 385 
perineal, 313, 350, 387, 390, 
399 

pineal, 805 
of pubis, 312, 563 
of ribs, 65 
of sternum, 63 
of stomach, 219 
of talus, 709 
of uterus, 347, 363 
of vertebrae, 925, 954 
fractures of, 949 
joints between, 929 
lumbar, 175 
vitreous, 828 
Boils, 40, 913, 977 
Bonc(s), 34-39, 41-42, 52 
age-related changes in, 38- 
39, 43, 47* 

abdominal, 175-177, 179, 
267 

acetabulum, 310, 563-565 
acromion, 416 
of arm, 418 

atlas, vertebral, 864, 865, 
925, 953 

auditory ossicles, 833-835 
axis, vertebral, 864, 865, 

925 

of back, 435 

calcaneum, 559, 560, 609, 
610, 686-687, 697 
cancellous, 37 
capitate, 465 


Bo ne (s)— Co ntinued 
ofcarpus, 465, 512-513, 

550 

clavicle, 55. See also Clavi¬ 
cle 

classification of, 36, 37 
clinical notes on, 41-42 
coccyx, 300. See also Coccyx 
compact, 37 
conchac, 782, 786, 853 
cranial, 782 
cuboid, 609, 610 
cuneiform, 609-613 
development of, 38-39 
epiphyseal plate of, 39 
disorders of, 41-42 
ethmoid, 782, 786, 793 
fabella, 670 

facial, 752-754, 782, 856, 
904, 915, 979 
femur, 565-569. See also 
Femur 

fibula, 557. See also Fibula 
flat and irregular, 36, 37 
of foot, 559, 560, 607-613, 
676, 686-687,698 
in arches, 665, 666, 668 
of forearm, 463-465 
fractures of, 41. See also 
Fractures 

frontal, 699, 701, 702, 752, 
782, 786, 787, 793 
of gluteal region, 563-569 
hamate, 409, 465 
of hand, 465-468, 524, 539- 
540, 548, 549,550, 
970, 971 

hip, 177, 178, 301, 310-312, 
563-565 

humerus, 418, 419. See also 
Humerus 

hyoid, 703, 774, 775 
ilium, 310—312. See also Il¬ 
ium 

incus, 833, 835 
innominate (hip), 177, 178, 
301, 310-312, 563- 
565 

ischium, 177, 310, 312, 324, 
330, 371, 553,563, 
564 

joints of, 2. See also Joints 
lacrimal, 782 
of leg, 604-607 , 

|ong and short, 36, 37 
of lower limb, clinical notes 
on, 683—687 
lunate, 465, 540 
malleolus 

lateral, 557, 560, 695, 

974 

medial, 557, 560, 607, 

695, 974 

malleus, 833, 835 
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Bone(s)— Continued 
mandible, 702. See also 
Mandible 

marrow of, 37-38, 47 
biopsy, 50, 78, 328, 956, 
964 

maxilla, 702, 752, 754, 786, 
787, 904 

metacarpal, 411, 465-468, 
512-514, 540, 549, 
971 
first, 411 

metatarsal, 613, 676, 687 
fifth, 560, 613 
first, 613 

nasal, 752, 782, 786, 904, 
909 

navicular, 560, 609, 610 
occipital, 699, 782, 786, 
787, 790 

osteomalacia of, 329, 965 
osteomyelitis of, 901, 951, 
979 

osteoporosis of, 946 
palatine, 782, 787 
parietal, 787, 793, 794, 

978 

patella, 557, 604-607, 686 
pelvic, 158, 161, 299, 301- 
306,307,322 
pericranium, 744 
phalanges 

of foot, 613, 676 
of hand, 468, 513-514 
pisiform, 409, 465 
pterion, 701, 786 
pubis, 177. See also Pubis 
radiography of. See Radiog¬ 
raphy 

radius, 463-465. See also 
Radius 

ribs, 55. See also Ribs 
in rickets, 41 

sacrum, 300. See also Sac¬ 
rum 

scaphoid, 411, 465, 539- 
540, 542,548,970 
scapula, 56-57. See also 
Scapula 

sesamoid, 36, 37, 613 
of shoulder region, 56-57, 
414-118 

of skull, 752-754, 782, 903 
sphenoid, 782, 786, 787, 
793, 794 
stapes, 833, 835 
sternum, 63, 64, 76-78 
surface markings of, 37, 38 
talus, 559, 609, 610, 686 
tarsal, 609—613, 676 
temporal, 701, 782, 786, 
787, 790, 793, 794, 
915, 978 
thoracic, 124 


Bone(s)— Continued 

tibia, 557, 606, 607, 608, 
634, 652, 686 
trapezium ,411, 465 * 
trapezoid, 465 
triquetral, 465 
ulna, 409, 464, 465, 476, 
539,542 

of upper limb, clinical 

notes on, 538-540 
vertebral. See Vertebral col¬ 
umn 

vomer, 782, 786, 787 
zygomatic, 701, 702, 752, 
782, 786, 904 
Borborygmi, 693 
Border, interosseous 
of fibula, 607 
of radius, 465 
of ulna, 465 

Brain, 798-802, 803-808 
arachnoid mater of, 800- 
801 

blood supply of, 800, 806, 
807—808 

cerebellum, 794, 805-807 
cerebrum, 803 
computerized axial tomog¬ 
raphy of, 884-885 
diencephalon, 803-805 
dura mater of, 798-800 
hindbrain, 805-807 
injuries of, 904-905 
midbrain, 805 
parts of, 803-807 
pia mater of, 801 
ventricles of, 807 
fourth, 801 
lateral, 801, 803 
third, 801, 803, 805 
Breasts. See Mammary glands 
Breathing. See Respiration 
Bridge, of nose, 853 
Brim, pelvic, 301, 305, 324, 
329 

Broca’s area, 803 
Bronchiectasis, 141 
Bronchitis, 136 

Bronchography, 131, 132, 134, 
957 

Bronchopulmonary segments, 
91-95, 144 
Bronchoscopy, 136 
Bronchus, 89 

carcinoma of, 134, 137, 

141, 956—957 
clinical notes on, 136 
constriction of, in asthma, 
137 

foreign bodies in, 136, 141, 
957 

lobar (secondary), 91 
principal (main), 89 
radiography of, 124, 134 


Bronchus— Continued 
segmental (tertiary), 91 
Bulb 
hair, 5 

of jugular vein, internal, 

727 

olfactory, 793, 808, 853, 875 
of penis, 372, 384 
artery to, 388 
of vestibule of vagina, 389 
Bulbourethral glands, 401 
Bulla ethmoidalis, 853 
Bundle, artrioventricular, 107, 
109 

Bunion, 691 
Burns, 40, 50, 955 
Bursae, 21, 22, 42 
adventitious, 691 
of gluteus maximus muscle, 
569 

infrapatellar 
deep, 656 

superficial, 654, 656, 691 
trauma of, 973 
of ischial tuberosity, 691 
of knee joint, 656, 691 
of lower limb, clinical notes 
on, 691 
popliteal, 656 
prepatellar, 21, 656, 691 
radial, 490, 543 
semimembranosus, 656 
subacromial, 541 
subscapular is, 21 
suprapatellar, 21, 652, 655, 
656, 691 

of tendo calcaneus and cal- 
caneum, 691 
ulnar, 490, 542, 543 
Bursitis 

at elbow joint, 542 
prepatellar, 956 
subacromial, 541 
Buttocks, 554, 560. See also 
Gluteal region 
fascia of, 563 

intramuscular injections in, 
692,971-972 
skin of, 560-563 

Cage, thoracic, 53, 71, 87 
Calcaneovalgus, 683 
Calcaneum, 559, 609, 610, 

697 

fractures of, 686-687 
surfaces of, 609 
tubercles of, 560, 609 
Calculi 

in bladder, 366, 966 
gallstones, 284, 286, 288, 
293, 294, 962, 963, 
964 

submandibular, 902, 908, 
914, 978 


Calculi—Con tinued 

urinary, 291, 294, 362, 963- 
964 

Calyces, renal 
major, 254 
minor, 254 

radiography of, 276, 277, 
279 

Camper’s fascia, 154, 382 
Canal 

adductor, 556, 582, 592 
walls of, 592 
anal, 372, 376-380, 393- 
397, 402, 692 
carotid, 787, 794 
cervical, 347 
condylar, 790, 795 
facial nerve, prominence of, 
833 

femoral, 189, 556, 588, 691 
hyaloid, 828 

hypoglossal, 790, 794-795 
incisive, 775 
infraorbital, 816 
inguinal, 165-168, 173-174, 
201, 691 

anterior wall of, 165 
development of, 173-174 
inferior wall or floor of, 
165 

mechanics of, 165-168 
posterior wall of, 165 
superior wall or roof of, 
165 

lumbrical, of hand, 504 
mandibular, 775 
nasolacrimal, 816 
obturator, 312 
optic, 793, 794, 816 
portal, 243 
pterygoid, 787 
nerve of, 794, 836 
pudendal, 380 
pyloric, 219 
sacral, 307, 926 
of Schlemm, 828 
semicircular, 837 
superior, 794 

subsartorial, 556, 582, 592, 
697 

supraorbital, 816 
Canaliculi 
bile, 245 

lacrimal, 813, 815 
Cancer 

of anal canal, 692 
of breast, 525, 526, 545, 

953, 968-969, 981 
bronchial, 134, 137, 141, 
956-957 

cervical lymph nodes in, 
899-900 

of colon, 284-285, 358, 

965 
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Cancer —Continued 

of esophagus, 139, 142, 958, 
976 

of kidney, 290 
of liver, 286 

of pancreas, 288, 289, 294, 
964 

of parotid gland, 977 
of penis, 397 
of pituitary gland, 978 
of prostate, 362, 366, 946, 
951-952, 966, 980 
of rectum, 327, 358, 359, 
966 

of sacral plexus, 327 
of stomach, 282, 293, 962 
of submental lymph nodes, 
911, 975 

of suprarenal glands, 291, 
292 

of testis, 192, 199, 960 
of thyroid gland, 911, 975 
of toe, 693, 972 
of vertebral column, spinal 
cord compression in, 
50, 955-956 
Canine teeth, 840 
Cap, duodenal, 267 
Capillaries, 25 
lymph, 25 
Capitate bone, 465 
Capitulum of humerus, 418 
Capsule 

ofjoints, 16 

acromioclavicular, 443 
ankle, 658 

carpometacarpal, 513 
elbow, 506 
hip, 601 

intercarpal, 512 
knee, 652-654 
metacarpophalangeal, 

513 

radioulnar, 508 
shoulder, 444, 541 
sternoclavicular, 443 
tarsal, 661-663 
temporomandibular, 770 
tibiofibular, 657, 658 
wrist, 511 

of kidneys, fibrous, 252 
of lens of eye, 828 
of palatine tonsils, 849 
of parotid gland, 758 
of submandibular gland, 
778-779 

Caput Medusae, 182, 183 
Carbuncle, 40 
Carcinoma. See Cancer 
Cardiac structures. See Heart 
Carina, of trachea, 136 
Carpal tunnel, 469, 488-490 
syndrome of, 534, 970 


Carpus, bones of, 465, 512- 
513 

distal row of, 465 
proximal row of, 465 
Cartilage, 39 
arytenoid, 857 

apex and base of, 857 
corniculatc, 857 
costal, 64, 81 

ossification of, 76, 80, 

956 

second,55 
cricoid, 703, 857 
cuneiform, 857 
elastic, 39 
fibrous, 39 
hyaline, 39 
of larynx, 857 
nasal 

septal, 853 
upper and lower, 853 
semilunar, 654-655 

injuries of, 688, 689, 973 
lateral, 607, 654-655 
medial, 607, 654 
sesamoid, 645 
thyroid, 857 

inner border of, 703 
Caruncula lacrimalis, 813 
Catheterization 

of femoral artery, 676 
of urethra, male, 399, 400- 
401, 968 

Cauda equina, 938, 953 
Cave 

of Retzius, 340 
trigeminal, 809 
Cavity 

abdominal, 203-297, 332 
cranial, 790 

of cuneonavicular joint, 663 
glenoid, 416, 550 
of larynx, 859-861 
of mouth, 839 
nasal, 853 

examination of, 909 
floor, roof, and walls of, 
853 

infection of, 909 
orbital 

muscles of, 917 
openings in, 816 
pelvic, 306, 324, 331-369, 
371 

pericardial, 34, 101 
peritoneal, 34, 207, 279, 
293, 962 

infections in, 279-281, 
282 

pleural, 34, 53, 81, 84 
thoracic, 83-144, 332 
tympanic, 830-837, 979 
infection of, 907 


Cavity, tympanic —Continued 
roof, floor, and walls of, 
830, 833 
uterine, 347 
Cecostomy, 285 
Cecum, 205, 230-232 

anatomic relations of, 231- 
232 

blood supply of, 231-232 
clinical notes on, 284-285 
congenital anomalies of, 
285 

ileocecal valve, 232 
lymph vessels of, 232 
nerve supply of', 232 , 
peritoneal fossae in region 
of, 213 

surface anatomy of, 151 
Cells 

air. See Sinus(es) 
olfactory, 855,875 
Central nervous system, 25, 
27, 28, 30 

Cerebellum, 794, 805—807 
Cerebral palsy, 678-679 
Cerebrum, 803 
Ceruminous glands, 830 
Cervical structures. See Neck 
Cervix uteri, 347, 363 
supravaginal part of, 347 
vaginal part of, 347 
Chambers 

of eye, anterior and poste¬ 
rior, 827 

of heart, 102-107 
Cheek, 839 

muscles of, 757 
nerves of, 840 

Chest wall. See Thoracic wall 
Chewing 

lateral movements of, 772 
muscles of, 760-761 
Chiasma, optic, 805, 809, 875 
Childbirth, 324, 326-327. See 
also Labor and deliv¬ 
ery 

Choanae, 787, 853 
Cholecystitis, 197, 958-959 
Cholecystokinin, 248 
Chorda tympani, 767, 768, 
836, 917 

Chordae tendineae of heart, 
104,105 
Choroid, 826 
Chyme, 218 
Ciliary glands, 811 
Circulation 

collateral, 42, 524 

in leg, 676-677, 694, 973 
portal, 237-238 
systemic, 238 

Circulus arteriosus, 807, 808 
Circumcision, 397 


Circumduction, 5 
of hip joint, 604 
of'shoulder joint, 447 
of'vertebral column, 933 
Cirrhosis of'liver, 139, 142, 
199, 958, 960 

Cisterna 

cercbcllomedullaris, 800 
chyli, 118,261 
intcrpeduncularis, 800 
pontis, 800 

Claudication, 292, 964 

intermittent, 294, 677, 694 
Clavicle, 55, 414-416, 551, 
705-706 

acromioclavicular joint, 
404, 442, 443-444, 
540, 545, 968 
clinical notes on, 538 
fracture of, 525, 538, 542, 
545, 968 

muscular and ligamentous 
attachments to, 416 
sternoclavicular joint, 404, 
440^143, 540, 545, 
706, 968 

surface anatomy of, 404 
Clawfoot, 692 
Clawhand, 536 
Cleavage, lines of, 5, 7, 40, 51 
Cleft 

facial, oblique, 747-749 
intra tonsillar, 849 
of lips, 747-749, 852, 901 
of palate, 852, 901 
Climax of sexual excitement 
in female, 391-393 
in male, 388-389 
Clitoris, 373, 374, 389 
blood vessels of, 382, 391 
body of, 391 
crura of, 389, 401 
dorsal nerve of, 382, 391 
erection of, 391 
root of, 389, 391 
Coarctation of aorta, 78, 140 
Coats 

of anal canal, muscular, 
376 

of bladder, muscular, 338 
of eyeball, 826--827 
of rectum, muscular, 333 
Coccyx, 300, 301, 307, 322, 
371, 554, 920, 926 
fractures of, 965 
radiography of, 945 
sacrococcygeal joint, 322 
Cochlea, 837 
duct of, 838 
spiral ganglion of, 810 
Colic, ureteral, 291 
Colics’ fascia, 154, 174, 382 
Colies’ fracture, 539, 542 
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Colliculi of midbrain, 805 
inferior, 805 
superior, 805, 809 
Colon, 205-206, 232-234, 
285-298 

ascending, 151, 205, 232- 
233 

blood supply of, 232 
lymph vessels of, 233 
nerves of, 233 
blood supply of, 232, 234, 
285, 331-332 
cancer of, 284-285, 358, 
965 

clinical notes on, 284^285 
descending, 151, 206, 234 
blood supply of, 234 
lymph vessels of, 234 
nerves of, 234 
diverticulosis of, 285, 293, 
358, 963 

ileocolic valve, 232 
paracolic gutters in region 
of, 215-216 

sigmoid (pelvic), 206, 331- 
332, 367, 965 
anatomic relations of, 
331 

blood supply of, 234, 
331-332 

clinical notes on, 358 
examination of, 358 
lymph vessels of, 332 
nerves of, 295, 332 
radiography of, 357—358 
rotation of, 358 
transverse, 151, 205-206, 
233-234 

blood supply of, 234 
lymph vessels of, 234 
nerves of, 234, 295 
Colostomy, 358 
transverse, 285 
Column 

anal, 376, 395 
vertebral, 923-933. See also 
Vertebral column 
Computerized axial tomogra¬ 
phy, 49, 874, 884- 
885 

of brain, 884^885 
of thorax, 122, 133, 134 
Conchae, nasal, 782, 786, 853 
Concussion, cerebral, 904 
Conducting system of heart, 
16, i07-109, 138, 

144 

blood supply of, 111 
Condyles 

of femur, 569 
occipital, 790 
of tibia, 557, 607, 652 
Cones and rods, 827 


Confluence of sinuses, 901 
Congenital anomalies 
of aorta, 78 

of appendix vermiform, 

232, 242 

of biliary system, 286-288 
of cecum, 285 
cleft lip and palate, 747- 
749, 852, 901 
of diaphragm, 79 
of ductus arteriosus, 140 
of face, 747-749, 852, 901 
of gastrointestinal tract, 
232, 239, 242, 285 
of heart, 108, 113 
in hip dislocation, 683, 687, 
946,972 

of kidney, 255, 256, 291, 
294, 963 

in knee dislocation, 686 
of nipple, 526 
of pancreas, 289 
of pectoralis major muscle, 
537 

of pelvis, 326 

of processus vaginalis, 194^ 
196 

of testis, 192-193 
of thorax, 76 
of thyroid gland, 736 
torticollis, 897, 911, 975 
of umbilicus, 182-185, 190, 
191 

of ureter, 255, 257, 291, 

294,964 

Conjunctiva, 811, 813 
Constipation, 395 
Contracture 

Dupuytren’s, 543, 970—971 
Volkmann’s ischemic, 542, 
970 

Contralateral structures, 2 
Contusion, cerebral, 904 
Conus medullaris, 936 
Copula linguae, 736 
Cord 

of brachial plexus, 405, 428, 
429, 527, 718 
oblique, of forearm, 468 
spermatic, 146, 154, 156, 
168-174, 201, 960 
coverings of, 173-174 
structures of, 168-172 
spinal, 49, 50, 955—956. See 
also Spinal cord 
Cornea, 820, 822, 826 
Cornu 

of coccyx, 307 
of thyroid cartilage, 857 
Corona of penis, 373 
Coronal planes, 1 
Corpus 

callosum, 803 


Corpus —Continued 
cavernosa, 385 
spongiosum, 385 
Cortex 

cerebellar, 805 
cerebral, 803, 875 
of suprarenal glands, 258, 
291 

Corti, organ of, 838 
Coxa 

valga, 683, 973 
vara, 683, 973 
Cranium, 782 
Creases, skin, 5, 7 

transverse, at wrist, 409 
Crest 

iliac, 145, 299, 310, 553, 
563 

infratemporal, 786 
intertrochanteric, 566 
occipital 

external, 790 
internal, 795 
pubic, 146, 300, 312, 563 
sacral, median, 300, 919— 
920 

of spine of scapula, 404^ 
405, 922 
supinator, 465 
suprameatal, 701, 787 
urethral, 343 
Crista 
galli, 793 

terminalis, of right atrium, 
103 

Crush injuries of thorax, 76 
Crus (crura) 
cerebri, 805 
of clitoris, 389, 401 
of diaphragm, 72 
of inguinal ring, 165 
of penis, 372, 384, 388 
Crypt, tonsillar, 849 
Cryptorchidism, 192 
Cubitus valgus, 547 
Cuboid bone, 609, 610 
Cuff, rotator, 439, 540, 541, 
550 

Cuneiform bones, 609-613 
Curvatures of stomach, 218, 
219 

Curves of vertebral column, 
922,931,954 
abnormal, 946, 951, 952- 
953, 979,980 
Cushing’s syndrome, 291 
Cusps of heart valves, 104— 
107,138 
aortic, 105, 107 
mitral, 107 
pulmonary, 105 
tricuspid, 104 
Cycle, cardiac, 111 


Cyst 

sebaceous, 40 
of scalp, 976 
of spermatic cord hydro¬ 
cele, 960 

in sublingual salivary 
gland, 903 

of testis appendix, 200, 961 
thyroglossal, 736 
of vestibular gland, 968 
Cystitis, 362 
Cystocele, 327, 365, 967 
Cystoscopy, 360 


Decussation of pyramids of 
medulla oblongata, 
805 

Deep structures, 1 
Defecation, 380, 403 
and anal incontinence, 329, 

400, 402, 965 
and constipation, 395 

Dendrites, 28 

Denonvillier, fascia of, 341 
Dermatomes, 43^45 
of abdominal wall, 153 
of lower limb, 696 
thoracic, 959 
first, 968 

of upper limb, 526-527 
Dermis, 5 
Dialysis 

hemodialysis, 964 
peritoneal, 281, 964 
Diaphragm, 71—74, 80, 151 
in abdominal straining, 73 
action of, 73 
central tendon of, 72 
costal part of, 72 
crura of, 72 
development of, 78-79 
domes of, 73, 79 
hernia of, 79 
in inspiration, 73, 95 
nerve supply of, 73, 120, 

734 * 

openings in, 73-74, 80 
aortic, 73, 80 
caval, 73, 80 
esophageal, 73, 80 
paralysis of, 79, 900, 958 
pelvic, 312—314, 326, 329 
posterior part of, 179 
radiography of, 80, 124, 

' 267,'956 
shape of, 73 
sternal part of, 72 
in thoraco-abdominal 
pump, 73 

urogenital, 382—384, 390, 

401, 402 

vertebral part of, 72 
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Diaphragm —Con tinued 
in weight-lifting, 73 
Diaphragma sellae, 796, 798- 
800 

Diaphysis, 16, 39 
Diastole, 111 
Diencephalon, 803-805 
Digits. See Foot*, Hand 
Diploe of skull, 782 
Diplopia, 906 
Disc 

of acromioclavicular joint, 
443 

intervertebral, 926-929, 
947, 953 
cervical, 947 
clinical notes on, 947 
herniation of, 947, 953 
lumbar, 177, 947 
of knee, trauma of, 50, 956 
optic, 827 

examination of, 905 
of radioulnar joint, inferior, 
510 

of sternoclavicular joints 
443 

of temporomandibular 
joint, 770, 902 
Dislocation, 42 

of acromioclavicular joint, 
545, 968 

of elbow joint, 541 
of hip,687 

congenital, 683, 687, 946, 
972 

of knee, congenital, 686 
of lunate bone, 540 
of shoulder joint, 528, 531, 
540, 546, 969-970 
of sternoclavicular joint, 
540, 545, 968 
of temporomandibular 
joint, 902, 977 
of vertebral column, 949, 
950 

cervical, 949, 950, 980 
thoracic, 980 
Distal structures, 1 
Divarication of recti abdom¬ 
inis, 192 
Diverticulitis, 963 
Divert iculosis, 285, 293, 358, 
963 

Diverticulum, MeckeFs, 185 
Dome 

of diaphragm , 73, 79 
of pleura, cervical, 78, 898 
Dorsal surfaces, 1 

of foot, 1, 559, 647, 650- 
652 

ofhand,1,504-506 
Dorsiflexion of ankle, 621, 
623,661 

Dorsum sellae, 794 


Douglas, pouch of, 212, 345, 
349, 352, 353, 362- 
363 

Drainage, postural, 137 

Duct(s) 

of cochlea, 838 
common bile, 212, 213, 

226, 245,246-247, 
248, 293,295,296, 
963 

cystic, 245, 248, 296 
ejaculatory, 340, 341, 362 
hepatic, 245-246 
common, 246 
left, 245 
right, 245 

nasolacrimal, 815, 853 
pancreatic, 226, 247, 293, 
296, 963 
accessory, 250 
main, 246, 248, 249- 
250 

parotid, 702, 708, 758, 901, 
915 

right lymphatic, 25, 26, 

118 

semicircular, 837, 838 
sublingual, 779 
submandibular, 708, 779 
calculi in, 914, 978 
orifice of, 840 
thoracic, 25, 26, 118, 261, 
295, 741 

of vestibular glands, 374 
vitello-intestinal, persis¬ 
tence of, 182-185 

Ductules, efferent, of testis, 
175 

Ductus 

arteriosus, 118 
patent, 140 
endolymphaticus, 837 
reuniens, 838 
utriculosaccularis, 837 
venosus, 244 

Duodenum, 203-205, 223-227 
blood supply of, 226-227 
clinical notes on, 283-284 
duodenojejunal junction, 
213, 226 
first part of, 224 
fourth part of, 226-227 
lymph vessels of, 227 
mucous membrane of, 226, 
962 

nerves of, 227 
perforation of, 198, 283, 
293, 959, 962 
peritoneal fossae in region 
of, 213 

radiography of, 267, 272, 

" 293,'962 

second part of, 224-225 
third part of, 225-226 


Duodenum —Continued 
ulcers of, 282, 284, 292, 
293, 544, 961, 962, 
968 

perforation of, 198, 293, 
959, 962 

Dupuvtren’s contracture, 543, 
970-971 
Dura mater 

of brain, 798-800 
blood supply of, 800 
endosteal layer of, 798, 
800 

meningeal layer of, 798, 
800 

nerve supply of, 800 
of spinal cord, 938 
Dyspareunia, 363 
Dysphagia, 909 
Dyspnea, 910 
Dystocia, 326 

Ear, 828-839 

auditory meatus, external, 
39, 701, 787, 828- 
830 

auditory tube, 787, 835 
auricle of, 39, 701, 828, 830 
clinical notes on, 906, 907- 
908 

elastic cartilage in, 39 
external, 828-4530 
and hearing testing, 906 
infections of, 907-908, 913, 
914, 978 

internal, 837-839 
labyrinth of, 837-839 
mastoid air cells of, 836 
mastoid antrum of, 701, 
830, 835-836, 913, 
978 

middle, 830-837 
ossicles of, 833-835 
tympanic cavity of, 830- 
837, 907, 979 

Ectopic pregnancy, 363, 366, 
967 

Edema 

papilledema, 905, 915, 979 
in pregnancy, 295, 964 
Effusions, pleural, 135 
Ejaculation, 362, 388-389, 402 
Elbow/joint and region, 506- 
508,549 

clinical notes on, 527, 537, 
541-542 

collateral ligaments of, 21 
median nerve injuries in, 
532-534 

movements of, 2, 3, 5 
radiography of, 519, 520, 

" 522,'541 

in anteroposterior view, 
522 


Elbow joint and region, 

radiography of— 
Continued 
in lateral view, 522 
surface anatomy of, 407, 
408 

trauma of, 537, 541 
ulnar nerve injuries in, 536, 
541 

Elevation 

of mandible, 770-772 
of tongue, 843 
tubal, of pharynx, 848 
Embolus, in mesenteric ar¬ 
tery, superior, 284 
Eminence 
arcuate, 794 
hypothenar, 499 
intercondylar, of tibia, 

607 

parietal, 701, 787 
thenar, 497 

Emphysema, 137, 141, 957 
subcutaneous, 136 
Empyema, 135 
End plate, motor, 15 
Endocardium, 102, 107 
Endocranium, 782 
Endometrium, 349 
Enema, barium, 272, 274, 
357-358 

Epicardium, 101, 102, 107 
Epicondyles 
of femur, 569 
of humerus 

lateral, 407, 418, 569 
medial, 407, 418, 463, 
539,569 
Epidermis, 5 

Epididymis, 146, 169, 175, 
373, 385, 387 
appendix of, 193 
head, body, and tail of, 175, 
373 

sinus of, 175 

Epiglottis, 39, 282, 857-859 
Epimysium, 9 
Epinephrine, 258 
Epineurium, 938 
Epiphysis, 16, 39 
Episiotomy, 399 
Epistaxis, 855, 903, 909 
Epithelium, cuboidal, 345 
of lens of eye, 828 
Epoophoron, 356 
Equinovarus, 681 
Erb-Duchenne palsy, 527, 528, 
969 

Erection 

of clitoris, 391 
of penis, 295, 388, 964 
Esophagoscope, 139 
Esophagus, 89, 141, 143, 737, 
957 
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Esophagus —Con ti n ued 
abdominal part of, 203, 
216-218 

anatomic relations of, 737 
blood supply of, 121, 737 
carcinoma of, 139, 142, 

958,976 

cervical part of, 737, 917, 

976 

clinical notes on, 139-140 
constrictions of, 139 
contrast visualization of, 
134,140,957 
foreign bodies in, 139 
lymphatic drainage of, 121, 
139, 295, 737 
nerve supply of, 121-122, 
737 ' 

thoracic part of, 121-122 
trauma of, 141, 957 
Estrogen, secretion in preg¬ 
nancy? 328 

Ethmoid bone, 782, 786, 793 
Eversion, 5 

of foot, 620, 663, 695, 697, 
974 

Exomphalos, 190 
Exophthalmos, 903, 914, 978 
Expansion, extensor fascial, 
479, 506 
of foot, 621, 651 
Expiration, 98-100 
forced, 98-100 
lung changes in, 100 
muscles in, 98—100 
quiet, 98 

Expression, facial, muscles of, 
747, 754-757, 901, 

977 

Extension, 5 

of ankle, 621, 623 
of elbow joint, 506 
of fingers and thumb, 513, 
514, 517 
of hip joint, 604 
of knee joint, 656-657 
of shoulder joint, 447 
of vertebral column, 933, 
946 

of wrist, 512, 542 
External structures, 2 
Extremities 

lower, 553-698. See also 
Lower limb 

upper, 403-551. See also 
Upper limb 
Exudate, serous, 34 
Eye, 826-828 

blind spot of, 827 
clinical notes on, 905-906, 
907 

coats of, 826 
fibrous, 826 
nervous, 827 


Eve, coats of —Continued 

vascular pigmented, 826- 
827 

contents of, 827-828 
in exophthalmos, 903, 914, 
978 

fascial sheath of, 823 
foreign body in, 914, 978 
injuries of, 907 
pupillary reflexes of, 907, 
916,927 

suspensory ligament of, 

823, 824 

and vision testing, 905 
Eyelashes, 811 
Eyelids, 811-815 
angles of, 811, 813 
movements of, 815 
muscles of, 754 
ptosis of, 819, 906 

Fabella, 670 
Face, 747-757, 915 

blood supply of, 751-752, 
901 

bones of, 752-754, 782, 

856, 915, 979 
fractures of, 904 
clinical notes on, 901-903, 
904 

congenital anomalies of, 
747-749, 852, 901 
danger area of, 977 
development of, 747-749 
lvmphatic drainage of, 752 
muscles of, 747, 754—757, 
901, 977 

nerves of, 747, 757 

sensory, 749—751, 916— 
917 

skin of, 747, 749, 751, 901 
trauma of, 904, 915 
Facet, articular 
of fibula, 607 
of talus, 609 
of tibia, 607 
Falx 

cerebelli, 795, 798 
cerebri, 699, 793, 798, 803 
Fascia(e), 8, 41 

of abdominal wall, 179- 
180, 181 
deep, 154 

superficial, 154, 155, 174, 
185 

arm compartments, upper, 
450-463 

anterior, 450^59 
posterior, 459^163 
of back, deep,935 
of buttock, 563 
of Camper, 154, 382 
clavipectoral, 422-425 
function of, 425 


Fascia(e )—Continued 
clinical notes on, 41 
Codes’, 154, 174, 382 
cremasteric, 156, 173, 174 
cribriform, 580 
deep, 6, 8 

of abdominal wall, 154 
of back, 935 
of buttock, 563 
of leg, transverse, 628 
of neck, 711-713, 896- 
897 

of sole of foot, 636 
of thigh, 154, 563, 580 
of Denonvillier, 341 
diaphragmatic, 179 
of eye, 823 

forearm compartments, 
468-486 

anterior, 470^173 
lateral, 477-^78 
posterior, 478-486 
iliaca, 180 

lata, of thigh, 154, 563, 580 
leg compartments, 617—634 
anterior, 621-623 
syndrome of, 679 
deep transverse, 628 
lateral, 625-627, 628 
posterior, 628-634 
of neck (cervical) 

deep, 711-713, 896-897 
clinical notes on, 896- 
897 

investing layer of, 711, 
713, 896 ' 

pretracheal layer of, 
711, 712-713, 896 
prevertebra 1 layer of, 
711, 713, 896 
and spread of infec¬ 
tions, 8, 41 
superficial, 710 
obturator internus, 314 
orbital, 816 

of palm of hand, 488, 502- 
504 

pelvic, 314, 330 
parietal, 314 
visceral, 314, 368 
in female, 353 
in male, 343 
psoas, 180, 197 
quadratus lumborum, 180 
renal, 252 

of Scarpa, 154, 174,382 
of sole of foot, 636 
spermatic, 173-174 

external, 154, 165, 173, 
174 

internal, 165, 173, 174 
superficial, 5, 6, 8 

of abdominal wall, 154, 
155,174,185 


Fascia(e), superficial— 
Continued 
of buttock, 563 
fatty layer of, 382, 580 
of neck, 710 
membranous layer of, 
185,382,580 
of thigh, 580 
of urogenital triangle, 
382,383 
temporal, 761 
thigh compartments, 580- 
597 

anterior, 580-592 
deep, 154, 563, 580 
medial, 591, 592-597 
posterior, 598-604, 

696 

superficial, 580 
thoracolumbar, 935 
transversalis, 179-180 
of urogenital triangle, su¬ 
perficial, 382, 383 
of wrist, 488 

Fascial expansion, extensor, 
479,506 
of foot, 621, 651 
Fat 

extraperitoneal, 340 
pararenal, 252 
perirenal, 252 
Fat pads 

intrapatellar, 654, 656 
retropubic, 336, 344 
Fatty pads in joints, 16 
Feces, evacuation of, 380, 402 
and anal incontinence, 329, 
400, 402, 965 
and constipation, 395 
Feet. See Foot 

Femoral triangle, 554—556, 
582,592 
Femur, 565-569 

blood supply of, 698, 973 
clinical notes on, 683-686 
condyles of, 557, 569 
distal third of, 686 
epicondyles of, 569 
fractures of, 685-686, 694, 
973 

head of, 565, 683, 685 
avascular necrosis of, 
685, 694, 973 
ligament of, 601 
middle third of, 686 
muscles and ligaments at¬ 
tached to, 566, 567, 
568, 569 

neck of, 566, 683, 685 
popliteal surface of, 569 
shaft of, 566, 686 
staphylococcal infection of, 
979 

surface anatomy of, 554 
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Femur —Continued 
trochanter of 
greater, 554, 566 
lesser, 566 

tubercles of, 557, 566 
upper third of, 686 
Fenestra 

cochleae, 833, 837 
vestibuli, 833, 837 
Fibers 
lens, 828 

nerve, 25. See also Nerve(s) 
Purkinje, 107 
Sharpey’s, 38 
Fibrocartilage, 39 
Fibrosis, pulmonary, 137 
Fibula 

articular facet of, 607 
articular surface of, 607 
fractures of, 686 
head (upper end) of, 557, 

607 

lower end of, 607 
muscles and ligaments at¬ 
tached to, 606, 607, 

608 

nutrient artery to, 634 
shaft of, 607 
styloid process of, 607 
Filum terminate, 936 
Fimbriae of uterine tube, 347 
Fingers. See Hand 
Fissure 

anal, 395, 396, 400, 967 
cerebral, longitudinal, 699, 
803 

of lungs, 57, 91 
horizontal, 57, 91 
oblique, 57, 91 
of medulla oblongata, me¬ 
dian, 805 
oral, 839 
orbital 

inferior, 786, 787, 816 
superior, 793, 816 
palpebral, of eyelids, 811 
pterygomaxillary, 786 
of spinal cord, anterior me¬ 
dian, 936 

squamotympanic, 787 
Fistulae, anal, 395, 396 
Fixators, muscular, 15 
Flaccidity, 41 
Flail chest, 76 
Flat foot, 19, 692 
Flexion, 2-5 

of ankle joint, 661 
of elbow joint, 506 
of fingers and thumb, 513, 

' 514, 516-517 
of hip joint, 51, 604 
of knee joint, 656, 657 
lateral, 5 

of shoulder joint, 447 


Flexion —Con ti n ued 

of vertebral column, 933, 
946 

of wrist, 512, 541 
Flexure 
colic 
left, 234 
right, 232 
splenic, 234 
Floor 

of cubital fossa, 463 
of femoral triangle, 592 
of inguinal canal, 165 
of mouth, 840 
of nasal cavity, 853 
of orbit, 816 
of pelvis, 312-314, 333 
clinical notes on, 326-327 
in labor, 326-327 
of pharynx, 848 
of popliteal fossa, 613 
of tympanic cavity, 830 
Fluid 

cerebrospinal, 800-801, 

807, 903, 922, 938- 
939 

lumbar puncture for, 
950-951, 953, 954, 
980-981 

neonatal samples of, 903 
pressure of, 951 
pericardial, 137-138 
excessive, 137, 142, 958 
withdrawal of, 142, 958 
peritoneal, 215, 216 

direction of flow of, 279, 
280 

excessive, 192, 199, 282 
infection of, 279, 962 
withdrawal of, 199, 960 
pleural, 79, 84 
seminal, 388 
synovial, 16 
Fold 

alar, 656 

axillary, 56, 405-407 
anterior, 56, 405 
posterior, 56, 405 
glossoepiglottic 
lateral, 848 
median, 848, 859 
infrapatellar, 656 
lacrimal, 816 
malleolar, 830-833 
nail, 5, 968 
of nates, 554 

pharyngoepiglottic, lateral, 
859 

rectal, transverse, 333, 335, 
358 

salpingopharyngeal, 848 
sublingual, 779, 840 
vocal, 859, 910, 912, 915, 
976, 979 


Fold, vocal —Continued 

movements in respira¬ 
tion, 864 

muscles controlling, 862- 
863 

Folia, cerebellar, 805 
Follicles, hair, 5, 40 
infection of, 40 
Fontanelles of skull, 790, 915, 
978 

anterior, 699, 790 
palpation of, 903 
posterior, 699-701, 790 
Foot, 636-652, 696-697 
acute strain of, 974 ( 
arches of, bony, 665-668, 
974 

bones in, 665, 666, 668 
clinical notes on, 692 
lateral longitudinal, 665, 
666, 668 

maintenance of, 665-668 
medial longitudinal, 665- 
668, 692 

support mechanisms in, 
665, 667 

transverse, 666, 668 
arteries of, 676 
on dorsum, 652 
in plantar arterial arch, 
648 

on sole, 648 

bones of, 559, 560, 607- 
613, 676, 698 
in arches, 665, 666, 668 
fractures of, 686-687 
muscle attachments of, 
611, 612 

in calcaneovalgus, 683 
dorsum of, 1, 559, 647, 
650-652 

in equinovarus, 681 
fascia of sole, 636 
flat feet, 19, 692 
as functional unit, 663-669 
in hallux rigidus, 691 
in hallux valgus, 690 
inversion and eversion of, 
620, 663, 695, 697, 
974 

lymphatic system of, 972 
melanoma of toe, 972 
metatarsophalangeal joint 
of, 690-691 
movements of, 51 
muscles of 

of dorsum, 651-652 
of sole, 636-648, 649- 
650 

first layer of, 638 
fourth layer of, 645- 
648 

second layer of, 638- 
643 


Foot, muscles of, of sole— 
Continued 

third layer of, 643-645 
nerves of 

cutaneous, 637, 648 
of dorsum, 650-651, 652 
of sole, 636, 637, 648-650 
in pes cavus, 692 
propulsive action of, 668- 
669 

radiography of, 675, 676 
skin of 

of dorsum, 650-651 
of sole, 636 
sole of, 636-650 
surface anatomy of, 557- 
560 

tendons of, 559, 641 
of dorsum, 651-652 
long extensor, 651-652 
of sole, 641-643, 645-648 
veins of 

in dorsal venous arch, 
559, 651 

of dorsum, 559, 651 
of sole, 648 

as weight-bearer and lever, 
663-669 

Footdrop, 680, 681, 683 
Foramen 

cecum, 736, 793, 842 
epiploic, 207, 213 
opening of, 213 
ethmoidal, 816 
incisive, 787 
infraorbital, 702, 786 
interventricular, 803, 807 
intervertebral, 925, 954 
clinical notes on, 947-949 
jugular, 787, 795 
lacerum, 787, 794 
magnum, 794 
mandibular, 772-775 
mental, 772, 775, 786 
obturator, 312, 563 
ovale, 103, 787, 793 
palatine, 787 
rotundum, 787, 793 
sacral, anterior, 330 
sciatic 

greater, 306, 312, 563, 

697 

lesser, 306, 312, 563 
sphenopalatine, 787 
spinosum, 787, 793 
stylomastoid, 787 
supraorbital, 786 
vertebral, 175, 925 
transversarium, 925 
Forearm, 463-465, 468-486 
anatomical snuffbox in, 

411, 483 
arteries of 

anterior, 475-476 
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Forearm, arteries of— 
Continued 
lateral, 477, 478 
posterior, 479, 483-486 
bones of, 463-465 
fascial compartments of, 
468-186 

anterior, 470—177 
lateral, 477-478 
posterior, 478-486 
interosseous membrane of, 
468 

lymphatic vessels of, 468 
muscles of, 484—185, 550 
anterior, 470—175 
lateral, 477-478 
posterior, 478-483 
Volkmann’s ischemic 
contracture of, 542, 
970 

nerves of, 468 

anterior, 470, 473, 475, 
476—177 

lateral, 459, 477, 478, 488 
medial cutaneous, 430 
posterior cutaneous, 462, 
479, 481,483,486 
oblique cord of, 468 
pronation of, 5, 511 
retinacula of, 468-469, 
486-488 

extensor, 468, 469, 487- 
488 

flexor, 468, 469, 486—487 
skin of, 468 
supination of, 5, 511 
veins of, 468 
Foreign bodies 

in bronchus, 136, 141, 957 
in conjunctival sac, 914, 978 
in esophagus, 139 
in larynx, 136 
in nose, 909 

in pharyngeal pouch, 909 
in piriform fossa, 908 
in rectum, 365, 966 
Fornices 

conjunctival, 813 
vaginal, 352 
Fossa 

acetabular, 565 
cecal, 213 
coronoid, 418 
cranial, 793-798 
anterior, 793, 903 
fractures of, 903 
middle, 793-794 
posterior, 794-798 
cubital, 407, 409, 461, 463 
base of, 463 
boundaries of, 463 
contents of, 463 
radial nerve branches in, 
529 


Fossa—Con tin ued 
digastric, 772 
duodenal, 213 
glenoid, 416 
ileocecal, 213 
incisive, 787 
infraspinous, 416 
infratemporal, 761, 762, 
763, 764-768, 769, 
786 

contents of, 746-768 
intersigmoid, 215 
ischiorectal, 380-382, 401 
abscess in, 395, 397 
clinical notes on, 397 
malleolar, 607 
mandibular, 787 
navicular, 389 
olecranon, 418 
ovalis, 103 
ovarian, 345 
paraduodenal, 213 
peritoneal, 212-216 
piriform, 849, 863, 908, 
978-979 

popliteal, 557, 613-617, 697 
boundaries of, 613, 614 
contents of, 613-617 
pterygopalatine, 786-787 
radial, 418 
retrocecal, 213 
retroduodenal, 213 
scaphoid, 787 
sublingual, 772 
submandibular, 772 
subscapular, 416 
supinator, 465 
supraspinous, 416 
temporal, 701, 786 
contents of, 761-764 
terminalis, 389, 399 
Fourchette, 373 
Fovea 

capitis, 565 
centralis, 827 
Fractures, 41 

of ankle, 690, 695, 974 
Bennett’s, 540 
of clavicle, 525, 538, 542, 
545, 968 
of coccyx, 695 
Colles’, 539, 542 
of cranial fossa, 903 
of facial bones, 904 
of femur, 685-686, 694, 973 
of fibula, 686 
of foot bones, 686—687 
of hand bones, 465, 539- 
540, 542, 548, 549, 
970, 971 

of humerus, 529, 531, 539, 
542, 547, 548,549, 
969, 970, 971 
of ilium, 329, 965 


F ractures—Con tinued 

of mandible, 904, 977-978 
of maxilla, 904 
of metacarpal bone, 540, 
549, 971 

of parietal bone, 978 
of patella, 686 
of pelvis, 326, 965 
pond,903 

of radius, 538, 539, 542, 
549 

of ribs, 76, 80, 197, 956, 
958 

of scaphoid bone of hand, 
539-540, 542, 548, 
970 

of scapula, 538 
of skull, 903 
Smith’s, 539 
of temporal bone, 978 
of tibia, 686 
of ulna, 539, 542 
of vertebral column, 949, 
950, 980 

Volkmann’s ischemic con¬ 
tracture after, 542 
of zygoma or zygomatic 
arch, 904 
Frenulum 

of clitoris, 373 
of ileocecal valve, 232 
of penile prepuce, 373, 385 
of tongue, 708, 840,842 
Frey’s syndrome, 902, 977 
Friction rubs 
pericardial, 137 
pleural, 135 
Froment’s sign, 536 
Frontal bone, 699, 701, 702, 
752, 782, 786, 787, 
793 

Fundus 

of gallbladder, 200, 247, 
295 

of stomach, 218 
of uterus, 347, 363 


Gallbladder, 203, 245, 247- 
248 

anatomic relations of, 247 
blood supply of, 248, 288, 
289, 293, 962 
body of, 247, 295 
clinical notes on, 286—288 
congenital anomalies of, 
286, 287 

function of, 247-248, 286 
fundus of, 200, 247, 295 
inflammation of, 197, 288, 
958-959 

lymph vessels of, 248 
neck of, 247 
nerves to, 248 


Gallbladder —Continued 
radiography of, 274r-276 
sonography of, 288, 290 
surface markings of, 149, 
150 

Gallstones, 284, 286, 288, 293, 
294, 962, 964 

pancreatitis with, 293, 963 
Ganglion (ganglia) 
celiac, 264 
cervical, 733-734 
branches of, 733, 734 
inferior, 734 
middle, 733 
superior, 733 
ciliary, 34, 825 

communicating branch 
to, 825 

geniculate, 836 
glossopharyngeal, sensory, 
810 

otic, 34, 768 
paravertebral, 31 
posterior root, 25, 29 
pterygopalatine, 34, 839 
branches of, 839 
spiral, of cochlea, 810, 838 
stellate, 120, 734, 900, 917 
anesthetic block of, 900 
submandibular, 34, 780- 
781 

trigeminal, 794, 889 
of vagus nerve, 729, 811 
vestibular, 810, 838 
Gangrene, 293 
Gastrectomy, 962 
partial, 282 
total, 282 
Gastrin, 282 

Gastrointestinal tract, 216- 
239 

appendix, 151. See also Ap¬ 
pendix, vermiform 
blood supply of, 234-238 
cecum, 151, 205, 230-232, 
284-285 

clinical notes on, 282-285 
colon,205-206, 232-234, 
284-285, 293, 358, 

963 

ascending, 151, 205, 232- 
233 

descending, 151, 206, 234 
sigmoid, 206, 331—332, 
357-358, 367, 965 
transverse, 151, 205-206, 
233-234, 295 
congenital anomalies of, 

232, 239, 242, 285 
duodenum, 203-205, 223- 
227. See also Duo¬ 
denum 

esophagus, abdominal part 
of, 216-218 
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Gastrointestinal tract— 
Continued 

ileocecal (ileocolic) valve, 
232 

ileum, 205, 227-230, 272, 
284, 296 

jejunum, 205, 227-230, 272, 
284 

large intestine, 205-206, 
230-234, 272, 274, 
284-285,357-358 
compared to small, 238- 
239, 241, 293, 962 
obstruction of intestines, 
693, 972 

pain referred from, 282, 
284, 293, 963, 972 
radiography of, 267-272, 
357-358 

of appendix, 272 
of duodenum, 267, 272, 
293, 962 
of ileum, 272 
of jejunum, 272 
of stomach, 267, 270 
rectum, 206. See also Rec¬ 
tum 

small intestine, 203-205, 
207, 208, 212,223- 
230, 267-272, 273, 
283-284 

compared to large, 238- 
239, 241, 293, 962 
herniation of, 293, 962 
stomach, 203, 217, 218- 
222. See also Stom¬ 
ach 

Gastrojejunostomy, 962 
Gastroscopy, 282-283 
Genital tract, 382—393 
female, 344-353, 373—375 
clinical notes on, 362- 
365, 399-400 
contents of, 389-393 
radiography of, 357, 358 
male, 340, 372-373, 384- 
389 

clinical notes on, 397-399 
Gland (s) 

adrenal, 207, 258, 291-292, 
297 

areolar, 404, 412 
bulbourethral, 388, 399, 

401 

ceruminous, 830 
ciliary, 811 
lacrimal, 815-816 
nerves of, 815-816 
orbital part of, 815 
palpebral part of, 815 
mammary, 403-404. See 
also Mammary 
glands 
of Moll, 811 


Gland(s )—Continued 

pancreas, 249—250. See also 
Pancreas 

parathyroid, 736, 899, 976 
paraurethral, 393 
pituitary, 802, 917, 978 
salivary, 708, 778-780, 901- 
903 

parotid, 708, 757-761, 
901-902, 914, 917, 
977 

sublingual, 708, 776, 
779-780, 840 
submandibular, 708, 776, 
778-779, 840 
sebaceous, 5, 7, 40, 830 
suprarenal, 207, 258, 291— 
292, 297 
sweat, 5 
tarsal, 713 
thymus, 122, 705 
thyroid, 141. See also Thy¬ 
roid gland 

vestibular, greater, 374, 

393, 399, 968 
of Zeis, 811 
Gians 

of clitoris, 374, 389 
penis, 372, 385 
carcinoma of, 397 
Glaucoma, 828 
Glucocorticoids, 258 
Gluteal region, 560-577, 696 
arteries of, 576-577 
bones of, 563-569 
fascia of, 563 

intramuscular injections in, 
692, 971-972 
lymph vessels of, 536 
muscles of, 569-574, 575 
nerves of, 574-576 
cutaneous, 560-563 
skin of, 560-563 
structures in, 571, 573 
surface anatomy of, 553- 
554,555 
Goiter, 899, 957 
Gonococcal infections, 399, 
401, 968 
arthritis, 42 
Gonorrhea, 401, 968 
Gooseflesh, 7 
Grafts 

skin, 40-41 
tendon, 679 

venous, in coronary bypass 
surgery, 678 

Granulations, arachnoid, 790, 
800 

Gray matter, 25 
cerebral, 803 
of spinal cord, 33 
Gray rami communicantes, 
33, 120, 733, 734 


Groove 

bicipital, 418 
costal, 65 

of cuboid bone, 609 
infraorbital, 816 
nuchal, 705, 919 
paracolic, 211 
spiral, 418 

radial nerve branches in, 
462, 529 

subclavian, 65-67 
Gubernaculum, 173, 174 
Gutters, paracolic, 211,215- 
216, 295 

Gyrus, cerebral, 803 , 

postcentral, 803 
precentral, 803 
temporal, superior, 803 

Hair(s), 5 

of auditory meatus, 830 
follicles of, 5, 40 
infection of, 40 
of nose, 853 
pubic, 373 
Hallux 

rigidus, 691 
valgus, 690 
Hamate bone, 465 
hook of, 409 

Hamulus, pterygoid, 787 
Hand 

arterial arches of 

deep palmar, 411-412 
superficial palmar, 411 
arteries of, 524-525 
of dorsum, 506 
of palm, 411-412, 475, 
476, 501 

bones of, 465-468, 539-540, 
542, 548,549,550, 
970, 971 

clinical notes on, 539-540 
muscular attachments of, 
466-467, 468 

carpal tunnel of, 469, 488- 
490 

syndrome of, 534, 970 
claw deformity of, 536 
clinical notes on, 539-540, 
542-544 

dorsum of, 504-506 
surface of, 1 

extensor tendons of, long, 
504-506 
fascia of, 488 

fascial spaces of palm, 502- 
504 

infection of, 543, 971 
finger and thumb move¬ 
ments, 497-499, 513, 
514-517, 544 
in median nerve injuries, 
534 


Hand, finger and thumb 

movements —Con tin - 
ued 

in ulnar nerve injuries, 

536 

flexor tendons of 

in carpal tunnel, 488-490 
fibrous sheaths of, 490 
insertion of, 490-493 
of palm, 488-493 
synovial sheaths of, 490, 
543 

as functional unit, 514-517 
immobilization of, 544 
infections of, 525, 543-544, 
971 

in digital sheath of fin¬ 
ger, 543 

in fascial space of palm, 
543, 971 

of nails, 40, 50, 956, 968 
in pulp space of fingers, 
543-544, 971 
injuries of, 524, 538, 543 
in falls on outstretched, 
538, 539, 540, 542, 

548, 970 

fractures in, 465, 539- 
540, 542, 548,549, 
970, 971 

joints in, 512-514 
lymphatic system of, 525, 
971 

mallet finger of, 538, 971 
muscles of, 488, 493-501, 
550 

of little finger, 499 
of palm, 488, 493-501 
short, 497-499, 501 
small, 488, 493-497, 500, 
527 

of thumb, 497-499, 501 
nerves of, 527, 550 
of dorsum, 504 
of palm, 476-477, 488, 
493, 497, 498, 499, 
501-502 

palm of, 411-412, 475, 476- 
477, 488-504 
surface of, 1 
positions of, 514 
cupping, 517 
in fist, 517 

of function, 514, 544, 

549, 971 
of rest, 514 

pulp space of fingers, 504 
infection in, 543-544, 

971 

radiography of, 521, 522- 
" 524 
skin of 

of dorsum, 504 
of palm, 488 
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Hand —Continued 
surface anatomy of, 409- 
412 

trigger finger of, 538 
veins of, 412 

in dorsal venous arch, 

504 

Handle, of malleus, 833 
Head, 742-910 

brain, 798-802, 803-808, 
884-885, 904-905 
clinical notes on, 900- 
910 

clinical problems on, 911- 
915 

answers to, 974-979 
cranial nerves, 806, 808- 
811, 812—813, 875- 
896, 905-907 

ear, 39, 701, 828-839, 906, 
907-908, 913, 914, 
978, 979 

eye, 823, 824, 826-828, 903, 
905-906, 907, 914, 
916, 978 

eyelids, 754, 811-815, 819, 
906 

face, 747-757, 852, 901- 
903, 904, 915,977 
infratemporal fossa, 761, 
762, 763, 764-768, 
769, 786 

lacrimal apparatus, 815- 
816 

larynx, 857-864, 907, 910 
lymphatic system of, 742- 
744, 752, 899 
mandible, 904. See also 
Mandible 

meninges of, 798-802 
mouth, 839-843, 902, 908 
muscles of, 765-766 
of face, 747, 754-757, 

901, 977 
of lips, 756-757 
of mastication, 760-761 
of nostrils, 754-756 
of scalp, 744-746 
of submandibular region, 
775-777 

nose, 853-855. See also 
Nose 

orbit, 816-826 
orbital region, 811-816 
palate, 787, 850-852, 901, 
906, 916 

paranasal sinuses, 853, 
855-857 

parotid region, 757-761 
pharynx, 843-850, 908-909 
radiography of, 869-874, 

" 876-4385, 913, 976 
scalp, 741-747, 900-901. 

See also Scalp 


Head—Con tin ued 
skull, 782-802, 918. See also 
Skull 

submandibular region of, 
762, 763, 769, 775- 
782 

surface landmarks of, 699- 
702 

temporal fossa, 701, 761- 
764, 786 

temporomandibular joint, 
702, 768-772, 773, 
902, 915, 916, 977 
trauma of, 900-901, 902, 
903-905, 907, 908, 
909, 913, 914, 915, 
976, 977, 978 
Hearing tests, 906 
Heart, 79, 101-113, 956 
action of, 111 
apex of, 56, 61, 102 
atria of, 102-104, 105-107 
contrast visualization of, 

134.140.957 
left, 105-107, 134, 140, 

141, 957 

right, 102-104, 105 
septum of, 103, 107, 138 
base of, 101-102 
beat of, 111 

apex, 56, 78, 80, 102 
block of, 138 
blood supply of, 109-111, 
144 

borders of, 61-62 
chambers of, 102-107 
clinical notes on, 138-139 
conducting system of, 16, 
107-109, 138, 144 
blood supply of, 111 
congenital anomalies of, 
108,113 
cycle of, 111 
endocardium, 102, 107 
epicardium, 101, 102, 107 
muscle of, 9, 16, 104, 105 
myocardium, 102, 107, 138 
nerve supply of, 111 
pericardium, 100, 101, 102 
radiography of, 124, 134, 

143.957 
skeleton of, 107 
structure of, 107 

surface markings of, 61-62, 
78 

surfaces of, 143 

diaphragmatic, 101 
sternocostal, 101 
tamponade of, 137 
valves of 

aortic, 105, 106, 107, 112 
auscultation of, 112, 138- 
139, 142, 958 
cusps of, 104—107, 138 


Heart, valves of—Continued 
diseases of, 138-139 
mitral, 107, 112, 138-139 
pulmonary, 105, 106, 112 
surface anatomy of, 111- 
112 

tricuspid, 104, 106, 112 
ventricles of, 104-105, 107 
left, 107 
right, 104-105 
septum of, 107, 138 
Heart block, 138 
Hemarthrosis, 690 
Hematemesis, 139 
Hematoma, 913, 976 
perianal, 395 
Hematuria, 366 
Hemianopia, 905 
bitemporal, 905, 914, 978 
homonymous, 905 
Hemispheres 
cerebellar, 805 
cerebral, 803 

lobes of, 793, 803 
visual cortex of, 875 
Hemodialysis, 964 
Hemopneumothorax, 135 
Hemorrhage 

cerebral, 50, 905, 956 
extradural, 904, 914, 978 
intracranial, 904-905 
in infants, 905 
subarachnoid, 905 
subdural, 904—905 
Hemorrhoids, 365, 393—395, 
966 

external, 395 

internal, 359, 393—395, 967 
first degree, 395 
second degree, 395 
third degree, 395, 967 
Hernia, 198-199, 959-960 
abdominal, 186—192 
contents of, 186 
coverings of, 186 
sac of, 186, 194, 195 
diaphragmatic, 79 
epigastric, 192 
fatty, 960 

femoral, 189—190, 588, 697, 
960, 972 

clinical notes on, 691-692 
differential diagnosis of, 
691 

inguinal, 187-189 
direct, 187, 188, 960 
indirect, 187, 188, 194, 
195, 201, 959, 960 
irreducible, 189, 691 
paraumbilical, 191 
strangulated, 189, 691, 972 
umbilical, 190—191 
acquired, 190-191 
congenital, 190, 191 


Hernia, umbilical— 
Continued 
infantile, 960 
Herniation 

of intervertebral disc, 947, 
953 

cervical 947 
lumbar, 947 

of nucleus pulposus, 929, 
947, 948, 953, 980 
of small intestine, 293, 962 
Hiatus 

adductor, 593 
sacral, 300, 307, 920, 926 
semilunaris, 853 
Hiccup, 78, 80, 956 
Hilton’s Law, 21 
Hilus 

of kidney, 250, 296 
of liver, 243 
of lung, 89 
Hindbrain, 805-807 
Hip bones, 177, 178, 301, 
310-312, 563-565 
muscles and ligaments at¬ 
tached to, 565, 566 
Hip joint, 563, 600—604, 605, 
693-694, 695,972, 
973, 974 

anatomic relations of, 604 
clinical notes on, 687 
dislocation of, 687 

congenital, 683, 687, 946, 
972 

movements of, 51, 604, 973, 
974 

osteoarthritis of, 687 
radiography of, 669, 670, 
683' 

stability of, 687 
Trendelenburg test and sign 
of, 687, 688, 693, 

972 

Hook of hamate bone, 409 
Horizontal planes, 1 
Horner’s syndrome, 900 
Humerus, 418, 419 

anatomical neck of, 418 
capitulum of, 418 
clinical notes on, 539 
distal end of, 539 
epicondyles of, 407, 418, 

463,539 

fracture of, 529, 531, 539, 
543, 547, 548, 549, 
969, 970, 971 
head of, 405, 418 
muscular and ligamentous 
attachments of, 419 
nutrient artery to, 456 
proximal end of, 539 
shaft of, 539 

surgical neck of, 418, 539 
trochlea of, 418 
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H u merus —Con ti n lied 
tuberosities of 
deltoid, 418 
greater, 404, 418, 539 
lesser, 418 

Humor, aqueous, 827-828 
Hydrbcele, 195, 196, 960, 961 
congenital, 195, 196 
encysted, 195, 196, 960 
tapping of, 196 
Hydronephrosis, 291,294 
Hydropneumothroax, 135 
Hymen, 352, 374, 393 
Hyoid bone, 774, 775 
body of, 703 

Hyperplasia, suprarenal corti¬ 
cal, 291 

Hypersensitivity, carotid 
sinus, 898 
Hypertension 
essential, 140 
portal, 139, 286, 958, 960 
Hypochondrium, right, 197, 
959 

Hypophysis cerebri, 794, 802, 

’ 917 

anatomic relations of, 802 
blood supply of, 802 
Hypothalamus, 803, 805 
Hysterectomy, 360-362 
Hysterosalpingography, 358 


Ileum, 205, 227-230, 296 
blood supply of, 229 
clinical notes on, 284 
compared to jejunum, 228- 
229 

ileocecal valve, 232 
lymph vessels of, 229 
nerves of, 230 
radiography of, 272 
Ileus, paralytic, 972 
Ilium, 310-312, 330, 563, 564, 
922 

auricular surface of, 312 
crest of, 145, 299, 310, 553, 
563 

fractures of, 329, 965 
gluteal lines of, 563 
sacroiliac joint, 332 
spines of, 310-312 
anterior inferior, 563 
anterior superior, 145, 
201,299, 330, 553, 
563, 922 

posterior inferior, 563 
posterior superior, 145, 
299, 310, 553, 563, 
922 

surface anatomy of, 553 
tubercle of, 145, 553, 563, 
922 


Incisions 

in abdominal wall, 49-50, 
185-186, 199, 955, 
960-961 

in breast abscess drainage, 
545, 969 

in tracheotomy, 898-899 
Incisor teeth, 840 
Incisura angularis, 219 
Incontinence 

anal, 329, 400, 402, 965 
urinary 

partial, 360 
stress, 327, 360 
Incus, 833, 835 
body of, 833 
processes of, 833 
Infarction, myocardial, 138 
Infection 

of appendix, 282, 284 
of arm, in lymph vessels, 
525 

cervical fascia in spread of, 
8, 41 

of cervical lymph nodes, 
896 

of ear, 907-908, 913, 914, 

: 978 

of facial skin, 901 
gonococcal, 42, 399, 401, 
968 

of hand, 525, 543-544, 971 
in digital sheath of fin¬ 
ger, 543 

in fascial space of palm, 
543, 971 

in nails, 40, 50, 956, 968 
in pulp space of fingers, 
543-544, 971 
Ludwig’s angina in, 896 
of mammary gland, in lac¬ 
tation, 526 
of mediastinum, 134 
of nasal cavity, 909 
of paranasal sinuses, 909, 
910 

of parotid gland, 902 
of pericardium, 137 
peritoneal, 279-281, 282, 
284, 962 

of scalp, 901, 913, 976-977 
staphylococcal, 40, 979 
streptococcal, 896 
of teeth, 855, 902 
of tonsils, 908 

of trachea and bronchi, 136 
of vulva, 399 
Inferior structures, 1 
Infundibulum 

of hypophysis cerebri, 802 
of hypothalamus, 805 
of nose, 853 
of uterine tube, 347 
of ventricle of heart, 104 


Inguinal region, 554 

Inion, 699 

Inlet 

of larynx, 859 

muscle controlling, 861 
pelvic, 305, 324 
thoracic, 53, 63, 67, 70, 76, 
81 

Innominate (hip) bones, 177, 
178,301,310-312, 
563-565 

Insertion, muscular, 9 
Inspection of thorax, 53 
Inspiration, 95-98, 142, 958 
diaphragm in, 73, 95 
forced, 98 

lung changes in, 86, 88, 98 
mechanics of, 144 
muscles in, 73, 98 
quiet, 95-98 
Insulin, 249 
Internal structures, 2 
Intestine 

large, 205-206, 230-234, 

272, 274, 284-285, 
357-358 

appendix, 151. See also 
Appendix, vermi¬ 
form 

ascending colon, 151, 

205, 232-233 
cancer of, 284-285, 358, 

965 

cecum, 151, 205, 230- 
232, 284-285 
clinical notes on, 284-285 
compared to small intes¬ 
tine, 238-239, 241, 
293, 962 

descending colon, 151, 

206, 234 

ileocecal (ileocolic) valve, 
232 

rectum, 206. See also Rec¬ 
tum 

sigmoid (pelvic) colon, 
206, 331-332, 357- 
358, 367, 965 
transverse colon, 151, 
205-206, 233-234, 

295 

obstruction of, 693, 972 
radiography of, 267-272, 

273, 274, 357-358 
small, 203-205, 207, 208, 

212, 223-230, 267- 
272, 273, 283-284 
clinical notes on, 283-284. 
compared to large intes¬ 
tine, 238-239, 241, 
293, 962 

duodenum, 203-205, 
223—227. See also 
Duodenum 


Intestine, small —Continued 


herniation of, 293, 962 
ileum, 205, 227-230, 272, 
284, 296 

jejunum, 205, 227-230, 
272, 284 

mesentery of, 207, 208, 
212,227 
Inversion, 5 

of foot, 51, 620, 663, 695, 


974 

of testis 

anterior, 192 
polar, 192 

Iodine-containing com¬ 
pounds, in radiogra- 
phy 

of biliary apparatus, 272- 


274, 275 

of urinaiy tract, 276, 277 
Ipsilateral structures, 2 
Iris, 827 
Ischemia 

of leg muscles, 677 
myocardial, 138 
and Volkmann’s contrac¬ 
ture, 542, 970 

Ischium, 177, 310, 312, 330, 
563, 564 


body of, 563 
ramus of, 563 
spine of, 310, 312, 563 
tuberosity of, 312, 324, 371, 
553, 563 


Islets of Langerhans, 249 
Isthmus 

of auditory meatus, 830 
oropharyngeal, 848 
pharyngeal, 848 
of prostate, 341 
of thyroid gland, 705, 706, 
735, 915 

of uterine tube, 347 


Jaundice, 288, 289, 294, 964 
Jaw. See Mandible; Maxilla 
Jejunum, 205, 227-230 
blood supply of, 229 
clinical notes on, 284 
compared to ileum, 228- 
229 

duodenojejunal junction, 
213, 226 

lymph vessels of, 229 
nerve supply of, 230 
radiography of, 272 
Jerk 

ankle, 43, 679, 694, 947, 
952, 973, 980 

knee, 43, 50, 679, 694, 955- 
956, 973 

Joints, 2, 16—21, 42, 51, 52 
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Joints— Continued 
acromioclavicular, 404, 442, 
443-444, 540,545, 
968 

anatomic relations of, 

444 

ankle, 634^-636. See also An¬ 
kle joint and region 
atlanto-axial, 864, 925, 931, 
954 

movements of, 933 
atlanto-occipital, 864, 925, 
929-931 

movements of, 933, 946 
of back, 440-447 
ball-and-socket, 19 
calcaneocuboid, 662-663 
capsule of, 16. See also Cap¬ 
sule, ofjoints 
carpometacarpal, 512-513 
of thumb, 513 
cartilaginous, 16, 17 
primary, 16 
secondary, 16 
clinical notes on, 42 
condyloid, 19 
cuboideonavicular, 663 
cuneocuboid, 663 
cuneonavicular, 663 
discs of. See Disc 
dislocation of, 42. See also 
Dislocation 

elbow, 506-508. See also El¬ 
bow joint and region 
ellipsoid, 19 
fatty pads in, 16 
fibrous, 16, 17 
of hand,512-514 
hinge, 19 

hip, 51. See also Hip joint 
intercarpal, 512 
intercuneiform, 663 
intermetacarpal, 512-513 
intermetatarsal, 663 
interphalangeal 
of foot, 663 
of hand,412, 514 
intervertebral, 16 
knee, 652-657. See also 

Knee joint and region 
of lower limb, 652-663 
clinical notes on, 687-691 
lumbosacral, 177 
manubriosternal, 63 
metacarpophalangeal, 412, 
513-514, 551 
in ulnar nerve injuries, 
536 

metatarsophalangeal, 663 
of big toe, 690-691 
midcarpal, 512 
midtarsal, 663 
nerve supply of, 21, 42 
pelvic, 322 


Joints, pelvic— Continued 
in pregnancy, 328 
pivot, 19 
plane, 16 

radiocarpal, 511-512 
radioulnar, 508-511, 542 
inferior, 508-511, 542 
superior, 508, 509, 542 
sacrococcygeal, 322, 330 
sacroiliac, 307, 322, 329- 
330 

clinical notes on, 949-950 
nerve supply of, 322 
saddle, 19 

shoulder, 2. See also Shoul¬ 
der joint and region 
stability of, 19-21 
sternoclavicular, 404, 440- 
443, 540, 545, 706, 
968 

anatomic relations of, 

443 

subtalar, 661-662, 663 
symphysis 

' menti, 702, 772, 790 
pubis, 16, 146, 299, 301, 
312, 322, 371,554, 
563 

synovial, 16—19 
talocalcaneonavicular, 662, 
663 

tarsal, 661—663 
movements of, 663 
transverse, 663 
tarsometatarsal, 663 
temporomandibular, 702, 
768-772, 773, 915, 
916 

clinical notes on, 902 
dislocation of, 977 
tibiofibular, 657-658 
inferior, 658 
movements of, 658 
superior, 2, 657-658 
of upper limb, 540-542 
of vertebral column, 16, 
929-93 

wrist, 486-488. See also 
Wrist joint and re¬ 
gion 

xiphisternal, 55, 63 
Junction 

corneoscleral, 826 
duodenojejunal, 213, 226 
xiphisternal, 145 

Kidneys, 200, 207, 250-255 
anatomic relations of, 252- 
255, 295,296 
blood vessels of, 254-255, 
291 

calyces of, 254 

radiography of, 276, 277, 
279 


Kidneys— Continued 
cancer of, 290 
clinical notes on, 290-291 
congenital anomalies of, 
255,256,291,294, 
963 

hilus of, 250, 296 
horseshoe, 294, 963 
left, 254-255 
lymph vessels of, 255 
nerves of, 255, 291 
palpation of, 963 
radiography of, 267, 276, 
277, 279 
right, 252-254 
surface anatomy of, 151 
Klumpke palsy, 527-528, 969 
Knee jerk, 43, 50, 679, 694, 
955-956, 973 

Knee joint and region, 652- 
657, 697 

anatomic relations of, 655, 
657 

arterial anastomisis in, 616 
arthroscopy of, 690 
boundaries of, 557 
bursae of, 21, 22, 656, 691 
clinical notes on, 687-690 
dislocation of, congenital, 
686 

ligaments of, 652, 654, 688- 
690 

movements of, 3, 5, 13, 14, 
656-657 

nerve supply of, 656 
patellar tendon reflex of, 

43, 50, 679, 694, 
955-956, 973 
pneumoarthrography of, 

690 

popliteal fossa of, 613-617 
radiography of, 669-674 
semilunar cartilages of, 

607, 654-655, 688, 
689, 973 

surface anatomy of, 557 
synovial membrane of, 687 
trauma of, 50, 687-690, 

694, 956, 973 
Knuckle, aortic, 124 
Kyphosis, 78, 946, 951, 979, 
980 

senile, 946 

Labia, 373 

blood vessels of, 382 
majora, 175, 373 
minora, 373 

Labor and delivery, 324, 326- 
327 

breech delivery, 399 
caudal analgesia in, 328, 
964-965 

difficulty in, 326, 327 


Labor and delivery— 
Continued 
episiotomy in, 399 
forceps delivery, 399 
onset of labor, 352 
pelvic floor in, 326-327 
pudendal nerve block in, 
400 

trauma of birth canal in, 
399 

urinary incontinence after, 
360 

uterus in, 352 
Lab rum 

acetabular, 600 
glenoid, 444 

Labyrinth of ear, 8374339 
bony, 837 
membranous, 837 
Labyrinthitis, 908, 978 
Laceration 
cerebral, 904 
of tongue, 908 

Lacrimal apparatus, 815-816 
Lacrimal bones, 782 
Lacrimal bland, 815-816 
Lactation, mammary gland 
infections in, 526 
Lacunae, venous, of cranial 
cavity, 790, 801 
Lacus lacrimalis, 813, 815 
Lamina(e) 
cribosa, 826 
of cricoid cartilage, 857 
propria, 34 
spiral, 837 

terminalis of brain, 809 
vertebral, 925 
lumbar, 175 
Langer, lines of, 5, 51 
Langerhans, islets of, 249 
Large intestine, 205-206. See 
also Intestine, large 
Laryngoscopy, 907, 910 
Larynx, 857-864 
blood supply of, 864 
cartilages of, 857 
cavity of, 859-861 
clinical notes on, 907, 910 
edema of, 910 
foreign bodies in, 136 
inlet of, 859, 861 
ligaments of, 858, 859 
lower part of, 861 
lymphatic drainage of, 864 
membranes of, 859 
mucous, 861, 910 
middle part of, 859 
muscles of, 861-863, 907, 
910 

controlling laryngeal in¬ 
let, 861 

controlling vocal folds, 
862-863 
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Larynx, muscles of— 
Continued 

elevator and depressor, 
861 

intrinsic and extrinsic, 

861 

sphincteric function of, 
863 

nerve supply of, 864, 907, 
910 

voice production in, 863- 
864, 910 
Lashes of eye, 811 
Lateral structures, 1 
Leg. See also Lower limb; 
Thigh 

arteries of, 694, 973 
anterior, 622 

clinical notes on, 676-677 
lateral, 625 

occlusive disease of, 676— 
677 

posterior, 632-634 
sympathetic innervation 
of, 677 

back of, 627-634 
skin of, 627 
bones of, 604^607 

clinical notes on, 683-687 
bursae of, clinical notes on, 
691 

clinical notes on, 676—692 
collateral circulation in, 
694, 973 

fascial compartments of, 
617-634 

anterior, 621-623, 679 
lateral, 625-627, 628 
posterior, 628-634 
front of, 620—627 
skin of, 620-621 
lymphatics of, 621, 627 
muscles of 

anterior, 621-622, 623 
lateral, 625, 628 
posterior, 628-632, 633 
nerves of 
anterior, 623 
in back, 627, 634 
clinical notes on, 679-683 
cutaneous, 617, 620-621, 
627, 634 

lateral, 617, 620, 627 
posterior, 634 
skin of, 620-621, 627 
veins of 

in back, 627, 677, 693, 
972-973 
in front, 621 

superficial, 577, 578, 621, 
627 

venous pump of, 578, 677, 
693, 972-973 
Lens of eye, 828 


Lens of eye —Continued 
suspensory ligament of, 828 
Lids of eye, 754, 811-815, 

819, 906 

Ligament(um), 16, 21 

acetabular, transverse, 600, 
601 

acromioclavicular, 443 
alar, 931 

of ankle joint, 658-661 
lateral, 658-661 
medial, 658 
anular 

of radioulnar joint, 508 
of stapes, 833 
apical, 931 
arcuate 
lateral, 72 
medial, 72, 177 
median, 72 

arteriosum, 117-118, 140 
bifurcated, 662 
broad, 345, 352,353-356, 
362-363, 367 

of calcaneocuboid joint, 662 
calcaneoflbular, 658 
calcaneonavicular, 21, 662 
cervical, transverse, 350, 
364 

check, medial and lateral, 
823, 824 
collateral 

of elbow joint, 21 
lateral (fibular), 654 
medial (tibial), 654 
injuries of, 690 
of metacarpophalangeal 
joints, 513 
coracoacromial, 444 
coracoclavicular, 443 
coracohumeral, 444 
coronary, of liver, 244, 296 
costoclavicular, 443 
cricothyroid, 703, 859 
cricotracheal, 703, 859 
cruciate 
of atlas, 931 
of knee, 16, 654 

anterior, 654, 973-974 
injuries of, 690, 973- 
974 

posterior, 654 
deltoid, 658 
denticulatum, 938 
elastic, 19 

of elbow joint, 21, 506 
falciform, 207-210, 211, 

244 

of femoral head, 601 
fibrous, 19 

fibular, lateral collateral, 
654 

flavum, 21, 929 
gastrosplenic, 207, 212 


Ligament (urn)—Con tinued 
glenohumeral, 444 
of hip joint, 601 
humeral, transverse, 444 
hyoepiglottic, 859 
iliofemoral, 21, 601 
iliolumbar, 322 
inguinal, 145-146, 154, 554, 
691 

of intercarpal joints, 512 
interosseous 

of carpal bones, 512 
sacroiliac, 322 
talocalcaneal, 609, 662 
of tibiofibular joint/658 
interspinous, 929 
ischiofemoral, 601 
and joint stability, 19, 20 
of knee joint, 652, 654 
injuries of, 688-690 
lacunar, 154 
of larynx, 858, 859 
lienorenal, 212 
longitudinal, anterior and 
posterior, 929, 947 
metacarpal, deep trans¬ 
verse, 513 

of metacarpophalangeal 
joints, 513 

nuchae, 705, 919, 929 
palmar, 513 
palpebral 
lateral, 815 
medial, 815 
patellae, 557, 654 
pectineal, 154 
peritoneal, 207-210 
phrenicocolic, 216, 234, 295 
plantar 

calcaneonavicular, 662 
long, 662 
short, 662 

popliteal, oblique, 598, 652, 
654 

pterygomandibular, 702 
pubocervical, 350, 364 
pubofemoral, 601 
puboprostatic, 338, 340 
pubovesical, 338, 350 
pulmonary, 84 
quadrate, small, 508 
of radiocarpal joint, 511 
of radioulnar joint 
inferior, 509, 510 
superior, 508, 509 
round 

of ovary, 345 
of uterus, 146, 154, 156, 
165,173, 174, 345, 
352 

sacrocervical, 350-352, 364 
sacroiliac 
anterior, 322 
interosseous, 322 


Ligament(um), sacroiliac— 
Continued 
posterior, 322 

sacrospinous, 306, 312, 322, 
329 

sacrotuberous, 306, 312, 

322 

of shoulder joint, 444, 541 
sphenomandibular, 770, 

775 

sternoclavicular, 443 
sternopericardial, 101 
stylomandibular, 711, 758, 
770, 779 

of subtalar joint, 662 
suprascapular, 440 
supraspinous, 929 
suspensory 
of axilla, 425 
of eye, 823, 824 
of lens, 828 

of mammary gland, 412, 
526 

of ovary, 345, 353 
sutural, 782 
talocalcaneal 

interosseous, 609, 622 
medial and lateral, 662 
of talocalcaneonavicular 
joint, 662 
talofibular 
anterior, 658 
posterior, 661 
of tarsal joints, 662, 663 
of temporomandibular 
joint, 770 
lateral, 770 
teres, 211, 244 
thyroepiglottic, 859 
thyrohyoid 
lateral, 859 
median, 859 
of tibiofibular joint 
anterior and posterior, 
657, 658 

inferior transverse, 658 
interocceous, 658 
transverse 

acetabular, 600, 601 
cervical, 350, 364 
humeral, 444 
of knee, 654 
metacarpal, 513 
of tibiofibular joint, 658 
of Treitz, 226 
triangular 
left, 212, 244 
right, 244 
umbilical 
lateral, 211 
median, 211, 336 
venosum, 244 
vestibular of larynx, 859 
vocal, 859 
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Ligament(um)— Continued 
of wrist joint, 511 
Ligation and division of uter¬ 
ine tubes, 363 

Light reflexes, pupillary, 827, 
907, 916 

Limb 

lower, 553-698. See also 
Lower limb 

upper, 430-551. See also 
Upper limb 
Limbus, 826 
Line(s) 

arcuate, 160, 177 
axillary 

anterior, 57 
posterior, 57 
of cleavage, 5, 7, 40, 51 
gluteal 

inferior, 563 
middle, 563 
posterior, 563 
horizontal, dividing abdo¬ 
men, 149 

iliopectineal, 177, 301, 312 
intertrochanteric, 566 
of knee joint, 557 
Langer’s, 5, 51 
midaxillary, 57 
midclavicular, 57 
midsternal, 57 
mylohyoid, 772 
nuchal 

inferior, 790 
superior, 701, 787, 790 
oblique 

of radius, 465 
of thyroid cartilage, 857 
pectineal, 177 
of pleural reflection, 57 
scapular, 57 
Shenton’s, 669, 683, 693 
soleal of tibia, 607 
temporal, superior and in¬ 
ferior, 786 
of thoracic wall, 57 
vertical, dividing abdomen, 
149 

Linea 

alba, 148, 160 
aspera, 566 

semilunaris, 148-149, 156 
Lingula of mandible, 775 
Lips 

cleft, 747-749, 852, 901 
lower 
cleft, 747 

development of, 747 
muscles of, 756-757 
upper 
cleft, 747 

development of, 747 
Lithotomy position, 393-395 
Liver, 203, 239-245 


L i ve r—Co n ti n ued 
abscess of, 286 
age-related changes of, 43- 
47 

bare area of, 244 
biopsy of, 286 
blood vessels of, 244-245, 
286 

cancer of, 286 
cirrhosis of, 139, 142, 199, 
958, 960 

clinical notes on, 285-286 
coronary ligament of, 244, 
296 

falciform ligament of, 207- 
210, 211, 244 
lobes of, 240, 295 
lobules of, 243 
lower border of, 200 
lymph vessels of, 245 
nerve supply of, 245 
peritoneal attachments and 
ligaments of, 207- 
210, 211, 244, 286 
postero-inferior (visceral) 
surface of, 240 
radiography of, 267 
surface markings of, 149, 
150 

trauma of, 286 
Lobes 

cerebral, 803 
frontal, 803 
occipital, 803 
parietal, 803 
temporal, 793, 803 
of hypophysis cerebri, 802 
of liver, 240,295 
caudate, 240 
left, 240 
quadrate, 240 
right, 240 
of lungs, 91, 92 
of mammary gland, 412 
of parotid gland, 758 
of prostate, 341, 362, 366, 
967 

anterior, 341 
lateral, 341 

median or middle, 341 
posterior, 341 
of thyroid gland, 706, 735 
Lobules 

of liver, 243 
of testis, 175 
Lordosis, 946 
lumbar, 952-953 
Louis, angle of, 55, 63 
Lower limb, 553-698 
adductor canal, 556, 592 
ankle joint and region, 634- 
636. See also Ankle 
joint and region 
arteries of, 589, 694, 973 


Lower limb, arteries of— 
Continued 

clinical notes on, 676-677 
of foot, 648, 652, 676 
of gluteal region, 576-577 
of leg, 622, 625, 632-634, 
676-677, 694, 973 
popliteal, 613-616 
of thigh, 588-590, 596, 
600, 676 
back of 

of leg, 627-634 
of thigh, 594, 595, 597- 
604 

bones of 

clinical notes on, 683-687 
of foot, 559, 560, 607- 
613, 665, 666, 668, 
676, 686-687, 698 
of gluteal region, 563-569 
of leg, 604-607 
bursae of 

clinical notes on, 691 
of knee joint, 21, 22, 656, 

691 

clinical notes on, 676-692 
clinical problems on, 692- 
695 

answers to, 971-974 
fascial compartments of 
of leg, 617-634 
of thigh, 580-597 
femoral hernia, 189-190, 
588, 691-692, 697, 
960, 972 

femoral sheath, 588, 691- 

692 

femoral triangle, 554-556, 
592 

foot, 636-652. See also Foot 
front of 

of leg, 620-627 
of thigh, 555, 556, 577- 

597 

gluteal region of, 553-554, 
555, 560-577 

hip joint, 563. See also Hip 
joint 

inguinal region of, 554 
joints of, 652-663 

clinical notes on, 687-691 
knee joint and region, 652- 
657. See also Knee 
joint and region 
leg, 604-607, 617-634. See 
also Leg 

lymphatics of, 598, 599 
clinical notes on, 678 
of gluteal region, 563 
of leg, 621, 627 
popliteal nodes, 616 
of thigh, 577-580, 590, 

598 

muscles of, 696 


Lower limb, muscles of— 
Continued 

clinical notes on, 678-679 
of foot, 636-648, 649- 

650, 651-652 

of gluteal region, 569- 
574, 575 

of leg, 621-622, 623, 625, 
628-632, 633 
in popliteal fossa, 613 
of thigh, 50, 581-587, 
592-596, 597, 598- 
600, 601, 678-679, 
696, 955-956 
National Board type ques¬ 
tions on, 696-698 
answers to, 986 
nerves of, 696 

of ankle joint, 661 
clinical notes on, 679-683 
cutaneous, 560-563, 617, 
620-621, 627, 634 
Of foot, 636, 637, 648- 

651, 652 

of gluteal region, 560- 
563, 574-576 
of knee joint, 656 
of leg, 623, 627, 634 
in popliteal fossa, 616- 
617 

of thigh, 262, 316, 576, 
577, 590-592, 596- 
597, 600, 617, 627, 
679-680 

of tibiofibular joint, 657, 
658 

popliteal fossa, 613-617 
radiography of, 669-676 
skin of 

of foot, 636, 650-651 
of gluteal region, 560-563 
of leg, 620-621, 627 
of thigh, 577-580, 597- 
598 

surface anatomy of, 553- 
560 

tendon reflexes in, 679 
thidi, 577-604. See also 
Thigh 
veins of 

clinical notes on, 677-678 
of foot, 559, 648, 651 
of leg, 577, 578, 621, 627, 
677, 693, 972-973 
popliteal, 616 
superficial, 597-598, 621, 
627, 696 

of thigh, 577, 578, 590, 
596, 597-598, 600 
venous pump of, 578, 677, 
693, 972-973 
Ludwig’s angina, 896 
Lumbar puncture, 950-951, 
953, 954, 980-981 





1004 Index 


Lunate bone, 465, 540 
Lungs, 86, 88, 89-101, 143, 

144 

apex of, 57, 78, 89, 136, 898 
in asthma, 137 
blood supply of, 95 
borders of, 57, 89-91 
bronchopulmonary seg¬ 
ments of, 91-95 
cancer of, 134, 137, 141, 
956-957 

clinical notes on, 136-137 
development of, 84, 85 
distensibility of, loss of, 137 
elasticity of, loss of, 78, 137 
fissures of, 57, 91 
hilum of, 89 
left, 92 

lobes of, 91, 92 
lymphatic drainage of, 95, 
96, 118 

nerve supply of, 95 
postural drainage of, 137 
radiographv of, 124, 141, 

" 957 

in respiration, 86, 88, 95- 
101, 137 
right, 92 

roots of, 89, 95, 143 
segmental resection of, 137 
surface markings of, 57, 59, 
60, 78 

surfaces of, 89, 91 
costal, 89 
mediastinal, 89 
trauma of, 898 
tuberculosis of, 135, 136, 
137, 141, 366,951, 
979-980 
Lymph, 25 

Lymph nodes. See Lymphatic 
system 

Lymphadenitis, 525, 691, 956, 
968 

of mastoid nodes, 976 
tuberculous cervical, 911, 
974-975 

Lymphangitis, 956, 968 
of arm, 525 

Lymphatic system, 25, 26, 42- 
43/52 

of abdominal wall 

anterior, 154, 164, 172, 
173, 175, 182,183 
posterior, 182, 183, 261, 
262 

afferent vessels of, 25 
age-related changes of, 47 
of anal canal, 376, 380, 397 
aortic nodes, 261 
of appendix vermiform, 232 
of arm, 447-450, 452, 525 
of auditory meatus, 830 
axillary nodes, 433-434, 956 


Lymphatic system, axillary 
nodes —Con tinued 
anterior, 118 
posterior, 118 
of back, 434, 936 
of bladder, 338 
bronchomediastinal trunk, 

95,118 

bronchopulmonary nodes, 

95,118 

buccal nodes, 742 
of buttocks, 563 
capillaries of, 25 
of cecum, 232 
celiac nodes, 261 
cervical nodes, 710-711, 
742, 744 
anterior, 742 
block dissection of, 900 
in cancer, 899—900 
clinical notes on, 899 
deep, 729, 744, 896, 899, 
912, 915, 976 
infections of, 899 
superficial, 710-711, 742 
tuberculosis of, 896, 911, 
974-975 

clinical notes on, 42-43, 
678, 899-900 
of colon 

ascending, 233 
descending, 234 
sigmoid, 332 
transverse, 234 
cystic nodes, 248 
deep plexus of, 95 
deltopectoral nodes, 433- 
434 

of duodenum, 227 
efferent vessels of, 25 
of esophagus, 121, 139, 295, 
737 

of face, 742, 752 
in femoral canal, 588 
of foot, 972 
of forearm, 468 
of gallbladder, 248 
of gluteal region, 563 
ofhand,525, 971 
of head, 742-744,899 
of ileum, 229 
iliac nodes 
common, 322 
external, 322 
internal, 322 

infraclavicular nodes, 433- 
434 

inguinal nodes, 199, 960, 
972 

clinical notes on, 678 
deep, 580, 590, 678 
horizontal group of, 580 
superficial, 556, 577-580, 
598, 678, 691 


Lymphatic system, inguinal 
nodes —Con tin ued 
vertical group of, 580 
intercostal nodes, posterior, 
118 

intestinal trunk, 261 
of jejunum, 229 
jugular trunk, 729, 744 
left, 118 

jugulodigastric node, 744 
jugulo-omohyoid node, 744 
of kidney, 255 
large vessels of, 25 
of larynx, 742, 864 
of leg, 621, 627 
of liver, 245 

of lower limb, 598, 599 
clinical notes on, 678 
lumbar nodes, 261 
lumbar trunks, 261 
of lungs, 95, 96, 118 
of mammary gland, 412- 
414, 526, 551, 968- 
969 

mastoid nodes, 742, 976 
of mediastinum, 118 
mesenteric nodes 
inferior, 261 
superior, 261 

of neck, 710-711, 742-744, 
899-900. See also 
cervical nodes 
of nose, 855 
occipital nodes, 742 
of orbit, 826 
of ovary, 347 
of pancreas, 250 
para-aortic nodes, 261 
pararectal nodes, 336 
parotid nodes, 742, 760, 

976 

pectoral nodes, 433 
of pelvic walls, 322 
of penis, 385 
of pharynx, 850, 908 
popliteal nodes, 616 
preaortic nodes, 261, 296 
of prostate, 343 
pulmonary nodes, 95 
of rectum, 336, 359 
retroauricular nodes, 742 
retropharyngeal nodes, 742 
abscess of, 897 
right lymphatic duct, 25, 

26,118 

of scrotum, 175, 199, 387, 
961 

small vessels of, 25 
of spermatic cord, 172, 173 
of spleen, 250 
of stomach, 220-221, 222, 
282, 293, 962 
subareola plexus, 414 
subclavian trunk, 118, 434 


Lymphatic system— 

Continued 

of sublingual gland, 780 
submammary plexus, 414 
of submandibular region, 
742, 775, 779/782, 
917 

submental nodes, 703, 742, 
911, 975 

subscapular nodes, 433 
superficial plexus of, 95 
of suprarenal glands, 258 
supratrochlear node, 463, 
468 

of temporal region, 912, 

976 

of testis, 199, 960 
of thigh, 577-580 
of thoracic cavity, 118, 121 
thoracic duct, 25, 26, 118, 
261, 295, 741 
thoracic nodes, internal, 

118 

of thoracic wall, 76, 77, 118 
of thyroid gland, 736 
of tongue, 842 
of tonsils, 849, 908 
tracheal nodes, 737, 742- 
744 

of umbilicus, 198, 959 
of upper limb, 433-434, 452 
clinical notes on, 525 
of ureter, 255 
of uterine tube, 347 
of uterus, 349, 367, 967 
of vagina, 353, 393 
valves of, 25 
of vulva, 393, 401, 968 

Macula lutea, 827 
Main en griffe, 536 
Malformations. See Congenital 
anomalies 
Malleolus 

lateral, 557, 560, 695, 974 
medial, 557, 560, 607, 695, 
974 

Mallet finger, 538, 971 
Malleus, 833, 835 

head, neck, and handle of, 
833 

processes of, 833 
Mammary glands, 412-414, 
549 

abscess of, 545, 969 
ampulla of, 412 
areola and areolar glands 
of, 403-404/412 
axillary tail of, 403, 412 
blood vessels of, 412 
cancer of, 525, 526, 545, 
953, 968-969, 981 
clinical notes on, 525-526 
examination of, 525-526 
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Mammary glands— 

Continued 

infection of, in lactation, 

526 

lobes of, 412 

lymphatic drainage of, 412- 
414, 526, 551, 968- 
969 

nipples of, 55, 403, 412, 
525-526 

radiography of, 124 
surface anatomy of, 62, 
403-404 

Mandible, 754, 770-775, 782, 
786, 790 

alveolar part of, 772 
angle of, 772, 786, 790 
base of, 772 
body of, 702, 772, 786 
coronoid process of, 702 
fractures of, 904, 977-978 
head of, 772, 775 
movements of, 770—772 
depression, 770 
elevation, 770-772 
lateral, 772 
protrusion, 772 
retraction, 772 
muscles and ligaments at¬ 
tached to, 774, 775 
ramus of, 772, 786 

anterior border of, 702 
outer surface of, 702 
posterior border of, 702 
submandibular region, 762, 
763, 769, 775-782 
temporomandibular joint, 
702, 768-772, 773, 
902, 915, 916, 977 
Manubrium sterni, 63 
Margin 

costal, 55, 78, 145, 176, 200 
falciform, of fascia lata, 

580 

orbital, 702, 786, 816, 915, 
979 

Marrow, bone, 37-38 

age-related changes of, 47 
biopsy of, 50, 78, 328, 956, 
964 

Mastectomy, 526, 528, 545, 
546, 969 
Mastication 

lateral movements of, 772 
muscles of, 760-761 
Mastoiditis, 913 
acute, 907, 978 
Mater 

arachnoid 

of brain, 800-801 
of spinal cord, 938 
dura 

of brain, 798-900 
of spinal cord, 938 


Mater —Continued 
pia 

of brain, 801 
of spinal cord, 938 
Matter 
gray, 25 

cerebral, 803 
of spinal cord, 33 
white, 25 

Maxilla, 702, 752, 754, 786, 
787 

fractures of, 904 
palatal processes of, 787 
McBurney’s incision, 186, 199, 
960 

McBurney’s point, 232 
Meatus 

acoustic, internal, 795 
auditory, external, 39, 701, 
787, 828-830 
nasal, 853 
inferior, 853 
middle, 853 
superior, 853 
urethral, external, 372, 

385 

Meckel’s diverticulum, 185 
Medial structures, 1 
Median sagittal plane, 1 
Mediastinitis, 134 
Mediastinoscopy, 134 
Mediastinum, 53, 83-84, 113, 
114, 143 
anterior, 83 
clinical notes on, 134 
inferior, 83-84 
lymphatic drainage of, 118 
middle, 83 
posterior, 83 
radiography of, 124 
superior, 83 
Medulla 

oblongata, 28, 794, 805 
of suprarenal glands, 258 
tumor of, 292 
Melanoma of toe, 972 
Membrane 

atlanto-occipital 
anterior, 931 
posterior, 931 
basilar, of cochlear duct, 
837, 838 

buccopharyngeal, 747 
fibroelastic, of larynx, 859 
intercostal 

anterior (external), 67 
posterior (internal), 67 
interosseous 

of forearm, 468 
of leg, 617 

of tibiofibular joint, 657, 
658 

of larynx, 859, 861, 910 
mucous, 34 


Membrane, mucous— 
Continued 

of anal canal, 376, 380, 
401, 967 
of bladder, 338 
of duodenum, 226, 962 
of larynx, 861, 910 
of mouth, 840, 842 
of nasopharynx, 979 
of nose, 853-855 
olfactory, 855 
of palate, 850 
of paranasal sinuses, 855, 
857 

of pharynx, 843 
of rectum, 333 
of stomach, 220, 282 
of tongue, 842 
of uterus, 349 
obturator, 312, 563 
perineal, 382 
quadrangular, of larynx, 

859 
serous, 34 

nerve supply of, 34 
parietal layer of, 34 
visceral layer of, 34 
suprapleural, 70, 956 
synovial, 16 

of acromioclavicular 
joint, 444 
of ankle joint, 661 
of carpometacarpal joint, 
513 

of elbow joint, 506 
of hip joint, 601-604 
of intercarpal joints, 512 
of knee joint, 655-656, 
687 

of metacarpophalangeal 
joints, 513 

of radiocarpal joint, 511 
of radioulnar joint, 508, 
510 

of shoulder joint, 444, 

541 

of sternoclavicular joint, 
443 

of subtalar joint, 662 
of talocalcaneonavicular 
joint, 662 

of tarsal joints, 662, 663 
of temporomandibular 

joint, 770 

of tibiofibular joint, 657 
of wrist joint, 511 
tectorial, 931 
thyrohyoid, 703, 859 
tympanic, 701, 790, 830- 
833, 979 

examination of, 907 
in infants, 903 
secondary, 833, 837 
vitreous, 828 


Meninges, 798-802, 938 
Menisci of knee joint 
lateral, 654-655 
medial, 654 
Menopause, 352, 364 
Mesentery of small intestine, 
207, 208, 212, 227 
Mesoappendix, 232 
Mesocolon 

sigmoid (pelvic), 207, 331 
peritoneal fossa in region 
of, 215 
recess of, 331 
transverse, 207, 212, 234 
Mesosalpinx, 353 
Mesotendon, 21 
Mesovarium, 345, 353 
Metacarpal bones, 465—468 
base, shaft, and head of, 
465-468 
first, 411 

fractures of, 540, 549, 971 
joints of, 512—514 
Metaphysis, 39 
Metatarsal bones, 613 
fifth, 560, 613 
first, 613 
fractures of, 687 
head, shaft, and base of, 
613 

radiography of, 676 
Micturition, 198, 200, 327, 
338-340, 959, 961 
difficulty in, 366, 400, 966, 
967, 968 

prostate enlargement af¬ 
fecting, 362 

spinal cord injuries affect¬ 
ing, 360,361 

and urinary incontinence, 
327, 360 
Midbrain, 805 

Mineral corticoids, secretion 
of, 258 

Modiolus, 837 
Molar teeth, 840, 902 
lower third, 780 
Moll, glands of, 811 
Mons pubis, 373 
Motor end plate, 15 
Motor point, 15 
Motor unit, 12 
Mouth, 839-843 

clinical notes on, 902, 908 
floor of, 840 

mucous membrane of, 840, 
842 

roof of, 840, 850 
sensory nerves of, 840, 842 
teeth, 780, 840, 855, 902 
tongue, 708, 840-843, 908, 
916, 917 

Movement, anatomical terms 
related to, 2-5 
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Movers, prime, 13 

Mucous membrane, 34. See 

also Membrane, mu¬ 
cous 

Muller, muscle of, 816 

Mumps, 902 

Murmurs, valvular heart, 
138-139 

Muscle, 9-16, 41, 51-52 
abdominal oblique, 154- 
156,157 

external, 154, 157 
internal, 154-156, 157 
of abdominal straining, 73 
of abdominal wall 

anterior and lateral, 154- 
161, 163, 164,182, 
200 

clinical notes on, 185 
function of, 161 
nerve supply of, 161, 178, 
179 

posterior, 177-179, 180, 
201 

rigidity of, 182, 197-198, 
202, 959, 961 
surgical incision splitting, 
186 

abductor 

digiti minimi 
of foot, 638 
of hand, 499 
hallucis, 638 
pollicis 
brevis, 497 
longus, 411, 481-183, 
538 

action of, 12-15 
adductor 

brevis of thigh, 593 
hallucis, 643 

heads of, oblique and 
transverse, 643 
longus of thigh, 592-593, 
679 

magnus of thigh, 593 
adductor portion of, 
593 

hamstring portion of, 
557, 593, 600 
pollicis, 498-499 

heads of, oblique and 
transverse, 498 
anconeus, 481 
anorectal ring of, 401, 967 
antagonist, 13-15 
of arm, 450, 453-456, 457, 
459-462, 463 
arrector pili, 7 
articularis genus of knee 
joint, 586, 655 
aryepiglottic, 861 
arytenoid 
oblique, 861 


Muscle, arytenoid— 

Continued 
transverse, 862-863 
of auditory ossicles, 833- 
835 

of axilla, 418-426 
of back, 434-439, 922, 933- 
935, 945, 979, 980 
deep, 933-935 
forming rotator cuff, 439 
intermediate,- 933 
superficial, 434-439, 933 
biceps brachii, 2, 43, 407, 
426, 453, 537 
heads of, long and short, 
453 

biceps femoris, 13, 14, 598, 
613 

heads of, long and short, 
598 

bipennate, 11 
brachialis, 456 
brachioradialis, 43, 477- 
478 

buccinator, 757 
bulbospongiosus, 384, 387, 
389 

cardiac, 9, 16, 104, 105 
of cheeks, 757 
ciliary, 827 
clinical notes on, 41 
coccygeus, 313-314, 315 
action of, 313 
nerve supply of, 314 
compressor naris, 754-756 
constrictor of pharynx, 843— 
846 

inferior, 846 
middle, 843 
superior, 843 

coracobrachialis, 407, 426, 
456 

corrugator supercilii, 754 
cremaster, 156, 173, 174, 
263 

cricoarytenoid 
lateral, 862 
posterior, 863 
cricopharyngeus, 846, 909 
cricothyroid, 862 
paralysis of, 976 
dartos, 174, 382 
deltoid, 11, 15, 404, 438 
anterior fibers of, 438 
middle fibers of, 438 
origin of, 438 
paralysis of, 529 
posterior fibers of, 438 
depressor of larynx, 861 
detrusor of bladder, 338 
diaphragm, 71-74, 78- 
79 

digastric, 720, 727, 775 
bellies of, 703, 720 


Muscle —Continued 
dilator 

of eyelids, 754 
of lips, 756—757 
naris, 754, 756 
pupillae, 827 
disuse atrophy of, 78 
of ear, middle, 833-835 
elevator of larynx, 861 
in expiration, 98-100 
extensor 

carpi radialis 
brevis, 479 
longus, 478 
carpi ulnaris, 481 
digiti minimi, 412, 479 
digitorum, 412, 479 
brevis, 651 
longus, 11, 621 
hallucis longus, 622 
indicis, 412, 483 
pollicis 

brevis, 411, 483, 538 
longus, 411, 483, 538 
extraocular, 822 
of eyelids, 754 
of face, 747, 754-757, 901, 
977 
fixator, 15 
flexor 

carpi radialis, 409, 470 
carpi ulnaris, 411, 473 
heads of, humeral and 
ulnar, 473 
digiti minimi, 499 
brevis, 643-645 
digitorum 

accessorius, 638-641 
brevis, 638 
longus, 630-632 
profundus, 475 
superficialis, 409-411, 
473 
hallucis 
brevis, 643 
longus, 632 
pollicis 
brevis, 497 
longus, 473-475 
of foot 

of dorsum, 651-652 
of sole, 636-648, 649- 
650 

first layer of, 638, 639 
fourth layer of, 645- 
648 

second layer of, 638- 
643 

third layer of, 643-645 
of forearm, 470-475, 484- 
485,550 

anterior, 470-475 
lateral, 477-478 
posterior, 478-483 


Muscle, of forearm— 
Continued 

Volkmann’s ischemic 
contracture of, 542, 
970 

gastrocnemius, 9, 613, 628- 
630, 679, 973 
heads of, lateral and me¬ 
dial, 628 
gemellus 
inferior, 574 
superior, 572 
genioglossus, 777 
geniohyoid, 777 

nerve to, 733, 777, 781 
of gluteal region, 569-574, 
575 

gluteus 

maximus, 12, 569, 570, 
678, 974 

medius, 569, 678, 974 
minimus, 569-572, 678, 
974 

gracilis, 592 

of hand,488,493-501, 550 
of little finger, 499 
of palm, 488, 493-501 
short, 497-499, 501 
small, 488, 493-497, 500, 
527 

of thumb, 497-499, 501 
of head, 765-766 
hyoglossus, 777 
iliacus, 178-179, 180, 583 
iliococcygeus, 313, 330 
iliopsoas, 179 
infraspinatus, 439 
insertion of, 9 
of inspiration, 73, 98 
intercostal, 67-69 
action of, 68-69, 98 
external, 67 
internal, 67 
nerve supply of, 69, 70 
interossei 
of foot, 645 
dorsal, 645 
plantar, 645 
of hand,493-497, 498 
dorsal, 493-497, 498 
palmar, 493, 498 
ischiocavernosus, 384, 387, 
389 

of larynx, 861-863, 907, 910 
controlling laryngeal in¬ 
let, 861 

controlling vocal folds, 
862-863 

elevator and depressor, 
861 

intrinsic and extrinsic, 

861 

sphincteric function of, 
863 
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Muscle —Continued 
latissimus dorsi, 425, 434 
of leg 

anterior, 621-622, 623 
lateral, 625, 628 
posterior, 628-632, 633 
levator 

ani, 312-313, 315, 330, 
349-350, 364 
action of, 313 
nerve supply of, 313 
in pregnancy, 965 
puborectalis part of, 
378 

costarum, 74, 98 
glandulae thyroideae, 735 
palpebrae superioris, 754, 
815, 816-819 
prostatae, 313 
scapulae, 434-^437 
veli palatini, 850-851 
of lips, 756-757 
of lower limb, clinical notes 
on, 678-679 
lumbrical 
of foot, 641 
of hand,493 
masseter, 702, 761 
of mastication, 760-761 
of Muller, 816 
multipennate, 11 
mylohyoid, 703, 775 
of neck, 705, 713, 714, 739 
in anterior triangle, 720, 
723-724 

clinical notes on, 897 
nerves to, 734, 739 
in root region, 737-738 
nerve supply of, 12, 15, 25, 
41, 43. See also 
Nerve(s) 

of nostrils, 754-756 
oblique 

abdominal, 154-156, 157 
external, 154, 157 
internal, 154-156, 157 
arytenoid, 861 
of eyeball, 820, 821 

clinical testing of, 822- 
823 

inferior, 820, 822, 823 
superior, 820, 822 
obturator 

externus, 593-596 
internus, 312, 329, 574, 
591 

action of, 312 
fascia of, 314 
nerve supply of, 312, 
316, 574, 576 
occipitofrontalis, 744-746, 
754 

bellies of, occipital and 
frontal, 744-746 


Muscle —Continued 
omohyoid, 714, 723 

bellies of, inferior and su¬ 
perior, 714 
opponens 

digiti minimi, 499 
pollicis, 497-498 
orbicularis 
oculi, 754, 815 

orbital part of, 754 
palpebral part of, 754 
oris, 756 

of orbit, 816—823, 917 
orbitalis, 816 
origin of, 9 

of palate, 850-851, 916 
palatoglossus, 851 
palatopharyngeus, 846, 851 
palmaris 
brevis, 488 

longus, 409, 470-473, 

537,543-544 

papillary of heart, 104, 105 
pectinate, 103 
pectineus, 583 
pectoralis 
major, 418 

absence of, 537 
clinical notes on, 537 
minor, 421-422 
of pelvic walls, 316 
inferior, 312-314, 315 
lateral, 312 
posterior, 307-310 
pennate, 9-12 
perineal, 391, 392 

deep transverse, 388, 391 
superficial transverse, 

387, 389 
peroneus 

brevis, 625, 679 
longus, 625, 679 
tertius, 622 

of pharynx, 843-846, 916 
piriformis, 307-310, 330, 
572 

action of, 310 
nerve supply of, 310, 316, 
572 

plantaris, 613, 630, 679 
platysma, 705, 710, 898 
clinical notes on, 898 
nerve supply of, 710, 898 
popliteus, 613, 630 
postvertebral, 933-935 
prime mover, 13 
procerus, 756 
pronator 

quadratus, 475 
teres, 470 

heads of, humeral and 
ulnar, 470 

psoas, 177-178, 180,197, 
583, 596 


Muscle, psoas —Continued 
fascia of, 180, 197 
major, 177-178 
minor, 177 
radiography of, 267 
pterygoid 
lateral, 764 

heads of, upper and 
lower, 764 
nerve to, 764, 767 
medial, 764 

heads of, superficial 
and deep, 764 
nerve to, 764 
pubococcygeus, 313 
puborectalis, 313, 329, 378, 
380, 965 

pyramidalis, 156, 160 
quadratus 
femoris, 574 

nerve to, 316, 574, 576 
lumborum, 178, 180 
plantae, 638-641 
quadriceps femoris, 13, 14, 
583-586 
action of, 586 
examination of, 678 
paralysis of, 680 
rectus 

abdominis, 9, 156, 159, 
160,200 

divarication of, 192 
sheath of, 156-160, 
162,200-201 
tendinous intersections 
of, 156 

of eyeball, 819-820, 821 
clinical testing of, 822, 
823 

inferior, 819, 820, 822 
lateral, 820, 823, 978 
medial, 820, 823 
superior, 819, 820, 

822 

femoris, 2, 11, 583-586, 
974 

heads of, straight and 
reflected, 583 
rupture of, 678 
rhomboid 
major, 438 
minor, 437-438 
salpingopharyngeus, 846 
sartorius, 9, 581-583 
scalenus 

anterior, 737-738, 917 
anatomic relations of, 
738 

medius, 738 
posterior, 738 
of scalp, 744—746 
semimembranosus, 598- 
600, 613 

semitendinosus, 598, 613 


Muscle —Continued 
serratus 

anterior, 407, 425-426 
nerve to, 426, 528, 713 
paralysis of, 528, 538, 
969 

posterior, 74 
inferior, 74, 98 
superior, 74, 98 
skeletal, 9-15 
smooth, 9, 15-16 
soleus, 630, 679 
sphincter 
anal, 402 

external, 372, 376, 378, 
380 

internal, 376, 380 
of eyelids, 754 
gastroesophageal, 218 
of larynx, 863 
of lips, 756 
of nostrils, 754-756 
of Oddi, 246 
pupillae, 827 
pyloric, 219, 220, 296 
urethrae, 387-388, 391 
vaginae, 313 
vesicae, 338 
spindles of, 12, 13, 15 
splenius, 935 
capitis, 935 
cervicis, 935 
stapedius, 835 
nerve to, 835, 836 
sternocleidomastoid, 9, 705, 
713, 975 
artery to, 726 
in torticollis, 897 
sternohyoid, 723 
sternothyroid, 723—724 
styloglossus, 777 
stylohyoid, 720 
stylopharyngeus, 846 
subclavius, 421, 429 
nerve to, 421, 429, 719 
of submandibular region, 
775-777 

subscapularis, 425 
supinator, 481 
supraspinatus, 438—439, 

541 

temporalis, 701, 761 
tendons of, 9, 10. See also 
Tendon(s) 

tensor 

fasciae latae, 572 
tympani, 833-835 
veli palatini, 850 
teres 

major, 425 
minor, 439, 440 
paralysis of, 529 
of thigh, 50, 678-679, 696, 

" 955-956 
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Muscle, of thigh —Continued 
anterior, 581-587 
medial, 592-596, 597 
posterior, 598-600, 601 
of thoracic wall, 67-69, 73, 
74, 75 

thyroarytenoid, 862 
thyrohyoid, 724 

nerve to, 724, 733, 781 
tibilias 

anterior, 11, 621 
posterior, 632 
tone of, 12, 41 

and joint stability, 19-21 
of tongue, 840-842, 916 
extrinsic, 842 
intrinsic, 840 
transversus 

abdominis, 156, 157, 178, 
180 

thoracis, 67-68 
trapezius, 434, 705, 975 
paralysis of, 897 
triceps brachii, 43, 459-462 
heads of, long, lateral, 
and medial, 459 
unipennate, 9-11 
of upper limb, clinical 

notes on, 537-538 
of uvula, 851 
vastus 

intermedius, 586 
articularis genus of, 
586, 655 

lateralis, 586, 678 
medialis, 586, 678 
of vertebral column, 933- 
935, 945, 979, 980 
posterior, 922 
of vocal fold, 862-863 
vocalis, 862 
voluntary, 9 
of weight-lifting, 73 
Muscularis mucosa, 34 
Myelography, 943-944, 945 
of lumbar region, 943-944 
Myocardium, 102, 107 
infarction of, 138 
ischemia of, 138 
Myometrium, 349 

Nails, 5, 651 

infection of, 40, 50, 956, 

968 

Nares, 853 

Nasal bones, 752, 782, 786 
fractures of, 904, 909 
Nasion, 699 

National Board type questions 
on abdominal cavity, 295- 
297 

answers to, 984 
on abdominal wall, 200- 
202 


National Board type ques¬ 
tions, on abdominal 
wall —Continued 
answers to, 983 
on anatomical structures 
and terms, 51-52 
answers to, 983 
on back, 953-954 
answers to, 984 
on head and neck, 915-918 
answers to, 984 
on lower limb, 696-698 
answers to, 984 
on pelvic cavity, 367-369 
answers to, 984 
on pelvic walls, 329-330 
answers to, 984 
on perineum, 401-402 
answers to, 984 
on thoracic cavity, 142- 
144 

answers to, 983 
on thoracic wall, 80-81 
answers to, 983 
on upper limb, 549-551 
answers to, 984 
Navicular bone, 609, 610 
tuberosity of, 560, 609 
Neck, 708-744 

arteries of, 724—727, 897- 
898 

nerves to, 733 
in posterior triangle, 717- 
718 

in root region, 740-741 
cervical vertebrae, 864, 865, 
874-875. See also 
Vertebral column, 
cervical 

clinical notes on, 896-900 
clinical problems on, OH- 
915 

answers to, 974-979 
esophagus, 737 
fascia of 

deep, 8, 41, 711-713 
clinical notes on, 896- 
897 

superficial, 710 
lymphatic drainage of, 710- 
711, 742-744, 899- 
900. See also Lym¬ 
phatic system, cervi¬ 
cal nodes 

midline structures in, 898 
muscles of, 705, 713, 714, 
739, 897 

in anterior triangle, 720, 
723-724 

nerves to, 734, 739 
in root region, 737-738 
National Board type ques¬ 
tions on, 915-918 
answers to, 984 


N e ck—Co ntin ued 

nerves of, 708-710, 729- 
735, 897 

clinical notes on, 897, 900 
in posterior triangle, 718- 
720 

of skin, 708 

parathyroid glands, 736, 
899, 976 

radiography of, 874-875, 
886 

root of, 705-706, 731, 737- 
741, 916 

self-inflicted cut throat 
wounds, 899 
skin of, 708 

surface landmarks of, 702- 
708 

thoracic duct, 25, 26, 118, 
261,295, 741 

thyroid gland, 735-736. See 
also Thyroid gland 
trachea, 736-737 
triangles of, 713-724 
anterior, 705, 706, 720- 
724, 898-900 
carotid, 723 

clinical notes on, 897-900 
digastric, 723 
muscular, 723 
occipital, 714-717 
posterior, 705, 706-708, 
713-720, 897—898, 
915 

submental, 703, 720 
supraclavicular, 717 
veins of, 727-729 

in posterior triangle, 718 
in root region, 741 
superficial, 710, 896 
viscera of, 735-737 
Neonatal skull, 790, 792, 903 
Neoplasms. See Cancer 
Nerve(s), 52 

of abdominal wall, 180 
anterior, 152-153, 161- 
163, 172, 182 
posterior, 178, 179, 261- 
267 

abducent, 810, 825, 889, 
890, 978 

clinical notes on, 905, 906 
paralysis of, 906 
of abductor muscles 
digiti minimi 
of foot, 638 
of hand, 499 
hallucis, 638 
pollicis 
brevis, 497 
longus, 483 

accessory, 706-708, 713, 
732, 811, 892—896 
clinical notes on, 907 


Nerve(s), accessory— 
Continued 

cranial root of, 732, 811, 
892, 896 

spinal part of, 440, 719- 
720, 897, 975 
spinal root of, 732, 811, 
892-896 

of acromioclavicular joint, 
444 

of adductor muscles 
brevis of thigh, 593 
hallucis, 643 
longus of thigh, 593 
magnus of thigh, 593, 

600 

pollicis, 498 
afferent fibers, 25 
parasympathetic, 34 
sympathetic, 33 
alpha fibers, 15 
alveolar 

anterior superior, 838 
inferior, 767 
middle superior, 838 
posterior superior, 838 
of anal canal, 376, 380 
of anconeus muscle, 481 
of ankle joint, 661 
ansa 

cervicalis, 733, 734 
subclavia, 734 
antebrachial cutaneous (of 
forearm) 
lateral, 459 
medial, 430 
posterior, 462 
aortic plexus, 264—267 
of appendix vermiform, 232 
of arm, 447, 450, 451, 459, 
462-463, 529 
clinical notes on, 526-537 
lower lateral cutaneous, 
447, 462 

medial cutaneous, 430, 
447 

posterior cutaneous, 447 
superior cutaneous, 440 
upper lateral cutaneous, 
440, 447 
of arteries 

of lower limb, 694, 677, 
964, 973 

of neck, 733, 734 
of upper limb, 524-525 
of arytenoid muscles 
oblique, 861 
transverse, 863 
of auditory meatus, 830 
auricular, 729 

great, 708, 709, 977 
posterior, 760 

auriculotemporal, 746, 751, 
761-764, 767 
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Nerve(s)— Continued 

axillary, 432-433, 440, 528- 
529 

branches of, 440 
clinical notes on, 528-529 
injury of, 546, 969-970 
test of, 546, 969-970 
of back, 434, 437, 440, 935, 
936 

of biceps brachii muscles, 
453 

of biceps femoris muscle, 
598 

of bladder, 338, 339, 360, 
361 

brachial cutaneous (of 

arm), 430, 440, 447, 
462 

brachial plexus, 28, 428- 
433,551,718-719 
anesthetic block of, 528, 
897, 915, 979 
branches of, 428-433, 
718-719 

clinical notes on, 527-528 
cords of, 405, 428, 429, 
527, 718 

divisions of, 428, 429, 718 
lower lesions of, 527—528 
roots of, 428, 429, 527, 
546, 708, 718, 897 
trauma of, 545-546, 969 
trunks of, 428, 429, 527, 
708, 718, 719, 897 
upper lesions of, 527 
of brachialis muscle, 456 
of brachioradialis muscle, 
477 

buccal, 751, 757, 767 
of buccinator muscle, 757 
calcaneal, 634, 636 
cardiac, 732, 733, 734 
cardiac plexus, 111 
carotid, 781 
internal, 733 
carotid plexus, internal, 

733 

of cecum, 232 
celiac plexus, 264, 267 
cervical, 757 

cervical plexus, 28, 734-735 
branches of, 720, 734 
cervical spinal, 25, 869, 980 
of cheek, 840 

chorda tympani, 767, 768, 
836,917 
ciliary, 825 
long, 825 
short, 825 

of ciliary muscle, 827 
of clitoris, dorsal, 382, 391 
coccygeal, 25 
of coccygeus muscle, 314 
cochlear, 810, 838 


Nerve(s)— Continued 
of colon 

ascending, 233 
descending, 234 
sigmoid, 332 
transverse, 234 
communicating branches 
of alveolar nerve, 767 
of hypoglossal nerve, 781 
of lingual nerve, 780 
of nasociliary nerve, 825 
sural, of peroneal nerve, 
616, 617 

of compressor naris muscle, 
756 

of constrictor muscle of 
pharynx, 843, 846 
of coracobrachialis muscle, 
456 

of corrugator supercilii 
muscle, 754 

cranial, 25, 729-733, 795, 
806, 808-811, 812- 
813, 916, 918 
clinical notes on, 905-907 
course and distribution 
of, 875—896 
eighth (vestibulococh¬ 
lear), 795, 810, 838, 
892, 893, 906 
eleventh. See accessory 
examination of, 905-907 
fifth. See trigeminal 
first (olfactory), 793, 
808-809, 853, 855, 
875,887,905 
fourth (trochlear), 809, 
823, 888, 889, 905, 
906 

ninth. See glossopharyn- 
geal 

second (optic), 809, 823, 
875, 887, 905, 978, 
979 

seventh. See facial 
sixth (abducent), 810, 
825, 889, 890,905, 
906, 978 
tenth. See vagus 
third. See oculomotor 
twelfth. See hypoglossal 
of cricoarytenoid muscle 
lateral, 862 
posterior, 863 

of cricothyroid muscle, 862 
cutaneous 

of arm, 430, 440, 447, 
451, 462 

distribution of, 43, 44, 45 
femoral, 590. See also of 
thigh, cutaneous 
of foot, 637, 648 
of forearm, 430, 459, 462 
of gluteal region, 560-563 


Nerve(s), cutaneous— 
Continued 

of leg, 617, 620-621, 627, 
634 

of neck, 734 
perforating, 316 
sural, 616, 617 
of thigh. See of thigh, cu¬ 
taneous 

of thoracic wall, 70, 76 
transverse, 710 
ulnar, 486, 487, 502, 504 
of upper limb, clinical 
notes on, 526-527 
of deltoid muscle, 438 
of diaphragm, 73, 120, 734 
of digastric muscle, 720 
of dilator muscles 
of lips, 757 
naris, 756 
pupillae, 827 
dorsal 

of clitoris, 382, 391 
of penis, 382, 388 
of duodenum, 227 
of dura mater of brain, 800 
of ear 

external, 830 
internal, 838-839 
middle, 836-837 
efferent fibers, 25 

parasympathetic, 33-34 
sympathetic, 31—33 
of elbow joint, 506 
esophageal plexus, 120, 121 
of esophagus, 121-122, 737 
ethmoidal 

anterior, 793, 825 
posterior, 825 
of extensor muscles 
carpi radialis 
brevis, 479 
longus, 478 
carpi ulnaris, 481 
digiti minimi, 479 
digitorum 
brevis, 651 
longus, 621 
hallucis longus, 622 
indicis, 483 
pollicis 
brevis, 483 
longus, 483 
of face, 747, 749, 751 
sensory, 749-751, 916- 
917 

facial, 757, 810, 836, 889- 
892, 977 

branches of, 757, 760, 
836, 891 

clinical notes on, 901, 906 
in newborn, 903 
paralysis of, 906, 977 
in parotid gland, 760 


Nerve(s), facial— Continued 
testing of, 906 
trauma of, 898, 901, 977 
femoral, 262, 556, 590-592 
branches of, 590-592 
clinical notes on, 679-680 
cutaneous branches of, 
590. See also of 
thigh, cutaneous 
fibers of, 25 
of flexor muscles 
carpi radialis, 470 
carpi ulnaris, 473 
digiti minimi, 499 
brevis, 643 
digitorum 
brevis, 638 
longus, 632 
profundus, 475 
superficialis, 473 
hallucis 
brevis, 643 
longus, 632 
pollicis 
brevis, 497 
longus, 475 
of foot 

cutaneous, 637, 648 
of dorsum, 650—651, 652 
of sole, 636, 637, 648-650 
of forearm, 468 

anterior, 470, 473, 475, 
476^77 

lateral, 477, 478, 488 
cutaneous, 459 
medial cutaneous, 430 
posterior, 479, 481, 483, 
486 

cutaneous, 462 
frontal, 809, 823, 889 
of gallbladder, 248 
gamma fibers, 15 
ganglion of See Ganglion 
(ganglia) 

ganglionic branches of 
of lingual nerve, 780 
of maxillary nerve, 838 
of gastrocnemius muscle, 
628 

of gemellus muscle 
inferior, 574 
superior, 572 

of genioglossus muscle, 777 
of geniohyoid muscle, 733, 
777, 781 

genitofemoral, 262—263 
femoral branch of, 263, 
577 

genital branch of, 172, 

263 

glossopharyngeal, 781, 795, 
810, 892, 893 
branches of, 781 
clinical notes on, 906 
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Nerve(s), glossopharyngeal— 
Continued 
test of, 914, 978 
gluteal, 576 

inferior, 316, 576 
superior, 316, 576 
of gluteal region, 574-576 
cutaneous, 560-563 
of gluteus muscles 
maximus, 569 
medius, 569 
minimus, 572 
of gracilis muscle, 592 
of hand, 527, 550 
of dorsum, 504 
of palm, 476-477, 488, 
493, 497, 498, 499, 
501-502 
of heart, 111 
of hip joint , 604 
of hyoglossus muscle, 777 
hypogastric plexus, 264, 
318-319 

inferior, 318, 330, 380 
superior, 330 

hypoglossal, 732-733, 781, 
795, 811,895, 896 
branches of, 733, 781 
descending, 733 
muscular, 733, 781 
in submandibular re¬ 
gion, 781 

clinical notes on, 907 
paralysis of, 907 
of ileum, 230 
of iliacus muscle, 583 
iliohypogastric, 261 
ilioinguinal, 261, 577 
infraorbital, 702, 751, 838 
of infraspinatus muscle, 

439 

infratrochlear, 751, 825 
of intercarpal joints, 512 
intercostal, 62, 68, 69, 70, 
80, 81 

branches of, 70 
first, 70 

rami communicantes of, 
70 

second, 70 
trauma of, 956, 959 
of intercostal muscles, 69, 
70 

intercostobrachial, 70, 447 
interosseous, anterior, 476, 
477 

of interosseous muscles 
of foot, 645 
of hand,493, 497 
of jejunum, 230 
of joints, 21, 42 
of kidney, 255, 291 
of knee joint, 656 
lacrimal, 751, 809, 823, 889 


Nerve(s )—Continued 

of lacrimal gland, 815-816 
laryngeal 

clinical notes on, 910 
external, 732, 899 
section of, 910 
trauma of, 976 
internal, 732 
recurrent, 732, 915 
left, 120 
right, 120 
section of, 910 
superior, 732, 978-979 
of larynx, 864, 907, 910 
of latissimus dorsi muscle, 
425 

of leg 

anterior, 623 
in back, 627, 634 
clinical notes on, 679-683 
cutaneous, 617, 620-621, 
627, 634 

lateral, 617, 620, 627 
posterior, 634 
of levator muscles 
ani, 313 
costarum, 74 
palpebrae superioris, 819 
scapulae, 437 
veli palatini, 850 
lingual, 767, 780, 781 
branches of, 780 
clinical notes on, 902 
of liver, 245 

of lower limb, clinical notes 
on,679-683 
lumbar, 25 

lumbar plexus, 28, 261-263, 
296-297, 574 
branches of, 319-320 
lumbosacral trunk, 316, 

319 

fourth lumbar root of, 

262 

of lumbrical muscles 
of foot, 641 
of hand, 493 
of lungs, 95 

mandibular, 751, 757, 764- 
767, 810, 889, 913, 
977 

anesthetic block of, 902 
branches of, 751 
of masseter muscle, 761 
masseteric, 767 
maxillary, 751, 809, 838, 

889 

branches of, 751, 838 
median, 409, 459, 476-477, 
487, 501-502 
branches of, 476-477, 

502, 532, 533 
cutaneous, 486, 488, 

502 


Nerve(s), median, branches 
of —Continued 
lateral, 502 
medial, 502 
muscular, 502 
palmar, 486, 488, 502 
in carpal tunnel, 490 
compression of, 534, 
970 

clinical notes on, 531-534 
injuries of, 532-534, 970 
at elbow, 532-534 
at wrist, 534 
in palm, 501-502 , 

palsy of, 534, 970 
roots of 
lateral, 430 
medial, 432 

meningeal, 729, 733, 764, 
838 

mental, 751 
mesenteric plexus 
inferior, 264, 267 
superior, 264, 267 
motor, 15, 25, 50, 956 
of mouth, sensory, 840, 842 
of muscles, 25 
skeletal, 12, 15 
musculocutaneous, 430, 459 
branches of, 459, 533 
clinical notes on, 532 
of musculus uvulae, 851 
mylohyoid, 767 
of mylohyoid muscle, 775 
nasal, external, 751 
nasociliary, 809, 825, 889 
branches of, 825 
of neck, 708-710, 729-735 
clinical notes on, 897, 900 
in posterior triangle, 718- 
720 

of nose, 808, 839, 855 
of oblique muscles 
arytenoid, 861 
of eyeball, 820 
obturator, 42, 262, 320, 

329, 330, 577, 585, 
596-597, 617, 679, 
683 

anterior division of, 597 
branches of, 597, 685 
clinical notes on, 328 
posterior division of, 597 
of obturator muscles 
externus, 596 
internus, 312, 316, 574, 
576 

occipital 

greater, 708, 746, 936 
lesser, 708, 746 
of occipitofrontalis muscle, 
746 

oculomotor, 809, 823-825, 
875, 888, 889 


Nerve(s), oculomotor— 
Continued 

clinical notes on, 905- 
906 

paralysis of, 905-906 
rami of, 823-825, 889 
olfactory, 793, 808-809, 
853, 855, 875, 887 
clinical notes on, 905 
of omohyoid muscle, 714 
ophthalmic, 751, 809, 889 
branches of, 751 
of opponens muscles 
digiti minimi, 499 
pollicis, 497 

optic, 809, 823, 875, 887, 
978, 979 

clinical notes on, 905 
of orbicularis muscles 
oculi, 754 
oris, 756 

of orbit, 823-825 
orbital, 839 
of ovary, 347 
of palate, soft, 906 
palatine, greater and lesser, 
839 

of palatoglossus muscle, 

851 

of palatopharyngeus mus¬ 
cle, 851 

of palm of hand, 476-477, 
488, 493, 497, 498, 
499, 501-502 

of palmaris longus muscle, 
470 

of pancreas, 250 
of paranasal sinuses, 909 
of parotid gland, 760 
patellar plexus, 577 
of pectineus muscle, 583 
pectoral 
lateral, 430 
medial, 430 
of pectoralis muscles 
major, 418 
minor, 421-422 
pelvic plexus, 34, 318 
of pelvic walls, 310, 312, 
313, 324-320, 322, 
327-328 

of penis, dorsal, 382, 388 
perforating, cutaneous, 316 
perineal, 382, 387, 388, 390, 
576 

peritoneal, 70 

of peritoneum, 70, 180, 216 
peroneal 

common, 557, 600, 617 
branches of, 617 
clinical notes on, 680- 
683 

deep, 623, 651, 652 
branches of, 623 
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Nerve(s), peroneal— 
Continued 

superficial, 621, 627, 
650-651 

branches of, 627 
of peroneus muscles 
brevis, 625 
longus, 625 
tertius, 622 
petrosal 
deep, 794 
greater, 794, 836 
lesser, 794, 837 
pharyngeal, 729-731, 733, 
781, 839 

pharyngeal plexus, 729- 
731, 781 
of pharynx, 849 
phrenic, 120, 713, 734-735 
accessory, 79, 429, 719, 
735,900 

anatomic relations of, in 
neck, 734-735 
clinical notes on, 140, 900 
left, 120 
right, 120 

of piriformis muscle, 310, 
316, 572 

plantar, 648-650 
digital, 648 
lateral, 634, 636, 639, 

640, 648-650 
medial, 634, 636, 639, 
640, 648 

of plantaris muscle, 630 
of platysma, 710, 898 
of pleura, 88-89 
pleural, 70 

plexus of, 28. See also spe¬ 
cific plexus 

of popliteus muscle, 613 
presacral, 318-319 
of procerus muscle, 756 
of pronator muscles 
quadratus, 475 
teres, 470 
of prostate, 343 
of psoas muscle, 583 
of pterygoid canal, 794, 836 
of pterygoid muscle 
lateral, 764, 767 
medial, 764 

pudendal, 316, 380-382, 
397, 402,576 
anesthetic block of, 400 
branches of, 382 

perineal, 387, 388, 390 
pulmonary plexus, 95, 120 
of quadratus muscles 
femoris, 316, 574, 576 
lumborum, 178 
plantae, 641 

radial, 433, 459, 462-463, 
478 


Nerve(s), radial— Continued 
in anterior compartment 
of arm, 529 

in axilla, 462, 529, 531, 
546, 969 

branches of, 462-463, 
478, 486, 529,530, 
551 

deep, 478, 486,529, 

532 

superficial, 478, 487, 
488, 504, 529, 532 
clinical notes on, 529-532 
in cubital fossa, 529 
injuries to, 529-532, 969, 
971 

in axilla, 531, 546, 969 
of deep branch, 532 
in spiral groove, 531- 
532 

of superficial branch, 
532 

palsy of, 969 
in spiral groove, 529, 
531-532 

of radiocarpal joint, 511 
of radioulnar joint 
inferior, 510 
superior, 508 
rectal, inferior, 382 
of rectum, 336 
of rectus muscles 
of eyeball, 820 
femoris, 586 
recurrent laryngeal, 732, 
915 
left, 120 
right, 120 
section of, 910 
renal plexus, 264, 267 
of rhomboid muscles 
major, 438 
minor, 438 
sacral, 25 

sacral plexus, 28, 314-316, 
318, 329, 574 
anatomic relations of, 

316 

branches of, 316 
clinical notes on, 327 
pressure from fetal head 
on,327 

tumor invasion of, 327 
of sacroiliac joint, 322 
of salpingopharyngeus 
muscle, 846 

saphenous, 590-592, 621, 
627, 651 

of sartorius muscle, 581 
of scalenus muscles 
anterior, 737 
medius, 738 
posterior, 738 
of scalp, sensory, 746 


Nerve (s)— Continued 
scapular, dorsal, 713, 718 
sciatic, 316, 330, 554, 574— 
575, 600, 696 
branches of, 600 
clinical notes on, 680, 682 
greater, 563 
lesser, 563 
origin of, 684 
trauma of, 971-972 
of semimembranosus mus¬ 
cle, 600 

of semitendinosus muscle, 
598 

sensory fibers, 15, 25 
of serous membrane, 34 
of serratus muscles 
anterior, 426, 528, 713 
posterior, 74 

of shoulder joint, 444, 541 
of skin, 43 

of abdominal wall, 182 
of arm, upper, 447 
of back, 434, 936 
of face, 747, 749, 751 
of foot, 636, 650 
of forearm, 468 
of hand, 488, 504 
of leg, 620-621, 627 
of neck, 708 
of thigh, 577, 597 
of soleus muscle, 630 
of spermatic cord, 172 
of sphincter muscles 
pupillae, 827 
urethrae, 388 

spinal, 25, 27, 28, 29, 936- 
938, 947-949 
anterior motor roots of, 
25, 936-938 
cervical, 25, 869, 980 
posterior sensory roots of, 
25, 938 

ramus of, 25, 28, 938 
splanchnic, 33 
greater, 33, 121 
lesser, 33, 121 
lowest, 33, 121 
pelvic, 33, 316, 319 
of spleen, 250 
of splenius muscle, 935 
of stapedius muscle, 835, 
836 

of sternoclavicular joint, 

443 

of sternocleidomastoid 

muscle, 713 
of sternohyoid muscle, 

723 

of sternothyroid muscle, 

724 

of stomach, 221 
of styloglossus muscle, 

777 


Nerve(s)— Continued 
of stylohyoid muscle, 720 
of stylopharyngeus muscle, 
846 

of subclavius muscle, 421, 
429, 719 

of sublingual gland, 780 
submandibular ganglion, 
780-781 

of submandibular region, 
775, 779, 780-781 
subscapular, 432 
of subscapularis muscle, 

425 

of supinator muscle, 481 
supraclavicular, 76, 447, 
538, 710, 968 
intermediate, 710 
lateral, 710 
medial, 710 

supraorbital, 702, 746, 751, 
823 

of suprarenal gland, 258 
suprascapular, 440, 719 
of supraspinatus muscle, 
438 

supratrochlear, 746, 751, 

823 

sural, 616, 617, 627, 651 
communicating, 616, 617 
cutaneous, 616, 617 
sympathetic fibers, 15 
sympathetic trunk, 31. See 
also Nervous system, 
sympathetic 
temporal, 757 
deep, 761, 767 
of temporalis muscle, 761 
of temporomandibular 
joint, 770 
of tensor muscles 
fasciae latae, 572 
tympani, 835 
veli palatini, 850 
of teres muscles 
major, 425 
minor, 439, 440 
of thigh, cutaneous, 577 
intermediate, 577, 590 
lateral, 262, 577 
medial, 577, 590 
posterior, 316, 576, 597, 
617, 627 
thoracic, 25, 28 
long,429-430, 528, 718 
removal in mastec¬ 
tomy, 969 

of thoracic cavity, 111, 118- 
121, 122, 140 
of thoracic wall, 76 
cutaneous, 70, 76 
thoracodorsal, 432 
of thyroarytenoid muscle, 
862 
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Nerve(s )—Continued 

of thyrohyoid muscle, 724, 
733, 781 
thyroid, 733 

tibial, 600, 616, 634, 683 
branches of, 616, 634, 

684 

medial calcaneal, 634, 
636 

posterior, 559 
of tibialis muscles 
anterior, 621 
posterior, 632 
of tibiofibular joint, 657, 

658 

of tongue, 840 
sensory, 842 
of trachea, 737 
transverse, cutaneous, 710 
of trapezius muscle, 434 
of triceps brachii muscle, 
462 

trigeminal, 809-810, 889, 
890, 913, 977 
branches of, 764-767 
motor, 767 
sensory, 767 

clinical notes on, 901, 906 
mandibular division of, 
764-767, 913, 977 
neuralgia of, 901, 913 
roots of, motor and sen¬ 
sory, 889, 906 
testing of, 906 
trochlear, 809, 823, 888, 

889 

clinical notes on, 905, 906 
paralysis of, 906 
tympanic, 781, 836-837 
tympanic plexus, 837 
ulnar, 407, 411, 430-432, 
459, 463, 477, 486, 
508 

branches of, 463, 477, 
502, 535 
deep, 502, 535 
dorsal cutaneous, 487 
posterior cutaneous, 

504 

muscular, 502 
superficial, 502, 535 
palmar cutaneous, 486, 
488,502 

clinical notes on, 534-537 
injuries of, 536-537, 970 
at elbow, 536, 541 
at wrist, 536-537 
in palm, 502 
palsy of, 537, 541, 970 
of upper limb, clinical 

notes on, 526-527 
of ureter, 255 
of uterine tube, 347 
of uterus, 349 


Nerve(s )—Continued 
vagal trunk, 296 
anterior, 221, 222 
posterior, 221, 222 
of vagina, 353, 393 
vagus, 118-120, 282, 706, 
729-732, 795, 810- 
811, 892, 894 
branches of, 120 
in neck, 729-732 
clinical notes on, 906-907 
left, 120, 221 
right, 118-120, 221 
section of, 962 
of vastus muscles 
intermedius, 586 
lateralis, 586 
medialis, 586 
vestibular, 810, 838 
vestibulocochlear, 795, 810, 
838, 892, 893 
clinical notes on, 906 
of wrist joint, 511 
zygomatic, 757, 838 
zygomaticofacial, 751, 816 
zygomaticotemporal, 746, 
751, 816 

Nervous system, 25-34, 43 
autonomic, 31-34, 43, 172 
central, 25, 27, 28, 30 
clinical notes on, 43, 140 
parasympathetic, 31, 33-34, 
768 

afferent fibers in, 34 
of bladder, 360 
efferent fibers in, 33-34 
sacral part of, 319 
submandibular ganglion 
in, 780-781 
peripheral, 25, 28, 30 
sympathetic, 31-33 

abdominal part of, 221, 
222, 263-264, 296 
afferent fibers in, 33 
of bladder, 360 
cervical part of, 733-734, 
900 

clinical notes on, 140 
efferent fibers in, 31-33 
innervation of arteries 
of lower limb, 677, 

694, 964, 973 
of neck, 733, 734 
of upper limb, 524-525 
pelvic part of, 318, 330 
sacral part of, 329 
thoracic part of, 120-121, 
140 

in upper limb, 900 
Nervus intermedius, 810 
Neuralgia, trigeminal, 901, 
913 

Neuroglia, 25 
Neurohypophysis, 802 


Neuron, 25, 28, 29, 30 
Nipples, 55, 403, 412, 525—526 
retraction of, 525, 526 
supernumerary, 526 
Node 

atrioventricular, 107, 109 
lymph. See Lymphatic sys¬ 
tem 

sino-atrial, 107-109 
Norepinephrine, 258 
Nose, 853—855 
bleeding from, 855, 903, 

909 

blood vessels of, 855 , 

bones of, 752 

fractures of, 904, 909 
clinical notes on, 904, 905, 
909-910 

examination of cavity, 909 
external, 853 
lymphatic vessels of, 855 
mucous membrane of, 853- 
855 

olfactory, 853 
respiratory, 853—855 
muscles of nostrils, 754-756 
nerves of, 808, 839, 855 
olfactory receptor nerve 
cells in, 808 
root or bridge of, 853 
Nostrils, 853 

muscles of, 754-756 
Notch 

acetabular, 563, 600 
cardiac, 57, 61, 89-91 
intercondylar, 569 
mandibular, 772 
radial, of ulna, 465 
sciatic 

greater, 310 
lesser, 310 

supraorbital, 702, 786, 816 
suprascapular, 416 
suprasternal, 54-55, 705 
tentorial, 798 
trochlear, of ulna, 465 
ulnar, of radius, 465 
vertebral, superior and in¬ 
ferior, 925 

Nucleus 

cuneatus, 805 
dentate, 805 
gracilis, 28, 805 
lacrimal, 815, 839 
olivary, 805 
pretectal, 809 
pulposus, 926-929 

herniation of, 929, 947, 
948, 953, 980 
Nystagmus, 906 

Obesity, postoperative pulmo¬ 
nary complications 
in, 142, 958 


Obstetrics, pelvic measure¬ 
ments in, 324, 965 
Occipital bone, 699, 782, 786, 
787, 790 

Oddi, sphincter of, 246 
Olives, 805 

Omentum, 207, 208, 212, 220 
gastrosplenic, 207, 212 
greater, 207, 212, 281-282, 
284 

lesser, 207, 212, 244, 245, 
295, 297 
Omphalocele, 190 
Opening 

aortic, 73, 80 
in atrium 
left, 107 
right, 103 
caval, 73, 80 
esophageal, 73, 80 
orbital, 816 

of peritoneal sac, lesser, 213 
saphenous, 580 
Opposition of thumb, 513, 

516 

Ora serrata, 827 
Orbit, 816-826 
blood vessels of, 825—826 
fascia of, 816 
lymphatic vessels of, 826 
muscles of, 816-823 
nerves of, 823-825 
openings in, 816 
roof, walls, and floor of, 

816 

Orbital region, 811-816 
Orgasm 

in female, 391-393 
in male, 388-389 
Orifice 

atrioventricular, 107 
right, 103 

cardiac, of stomach, 218, 
219 

of duct of greater vestibular 
glands, 374 

of duct of submandibular 
gland, 840 

pyloric, of stomach, 218, 

219 

vaginal, 374 
Origin, muscular, 9 
Os of uterus 

external, 347, 348, 363 
internal, 347 

Osseous system. See Bone(s) 
Ossicles, auditory, 833-835 
movements of, 835 
muscles of, 833-835 
Osteoarthritis, of hip joint, 

687 

Osteomalacia, 329, 965 
Osteomyelitis, 901, 951, 979 
Osteoporosis, 946 
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Otitis media, 907, 913, 914 
Outlet 

pelvic, 306, 324, 330 
thoracic, 53, 63, 71 
Ovary, 344-347, 368 
age-related changes of, 
345-347, 362 
blood supply of, 347 
clinical notes on, 362-363 
inflammation of, 363 
lymph vessels of, 347 
nerves of, 347 
in pregnancy, 345, 362 
prolapse of, 362-363 
round ligament of, 345 
suspensory ligament of, 
345,353 


Pacemaker, cardiac, 109 
Pad 
fat 

infrapatellar, 654, 656 
retropubic, 336, 344 
fatty, in joints, 16 
Pain 

abdominal, 182, 279, 281 
localization of, 279 
in anal fissures, 395, 400, 
967 

anginal, 140 

in anterior compartment of 
leg syndrome, 679 
in appendicitis, 293, 295, 
963 

in perforation of appen¬ 
dix, 292, 359, 961 
in appendix, 284 
in back, 950 

in intervertebral disc her¬ 
niation, 947 
referred, 945-946 
cardiac, 138, 140, 142, 958 
in carpal tunnel syndrome, 
534 

in claudication, 292, 964 
intermittent, 294, 677, 
694 

in gallstones, 294, 964 
in kidney disease, 291 
in labor, pudendal nerve 
block for, 400 
in mumps, 902 
in myocardial ischemia, 138 
in osteoarthritis, of hip, 687 
pleural, 80, 141,956, 957 
in pregnancy, 327 

from fetal head pressure, 
327 

rebound tenderness, 281 
referred, 293, 295, 328, 909, 
952, 956, 963 
to back region, 945-946 
from gallbladder, 288 


Pain, referred —Continued 
from gastrointestinal 
tract, 282, 284, 293, 
963, 972 
from liver, 286 
in myocardial ischemia, 
138 

to penis, 366, 966 
in pleurisy, 136 
to shoulder, 136, 197, 

288, 292, 527, 541, 
959, 961 
in sinusitis, 978 
from urinary calculi, 291, 
362 

in sciatica, 680, 947 
in sexual intercourse, 363 
in shoulder, 541 

referred, 136, 197, 288, 
292, 527, 541, 959, 
961 

in stomach, 282 
in tennis elbow, 537 
in tracheitis or bronchitis, 
136 

in trigeminal neuralgia, 

901, 913 

in urinary calculi, 291, 294, 
362, 366, 963, 966 
Palate, 850-852 
cleft, 852, 901 
hard, 787, 850 
movements of, 851 
muscles of, 850—851 
soft, 850-851 

innervation of, 906 
muscles of, 916 
Palatine bones, 782, 787 
horizontal plates of, 787 
Palmar surface of hand, 1, 
488-504 

arteries of, 411-412, 475, 
476,501 
fascia of, 488 
fascial spaces of, 502-504 
infections of, 543, 971 
muscles of, 488, 493-501 
nerves of, 476-477, 488, 

493, 497, 498, 499, 
501-502 
skin of, 488 
Palpation 
arterial 

of dorsalis pedis artery, 
974 

of femoral artery, 974 
in lower limb, 676 
of popliteal artery, 974 
of radial artery, 545, 969 
of tibial posterior artery, 
974 

in upper limb, 524 
of bladder, 151, 301, 359- 
360, 965 


Palpation —Continued 
of fontanelles, 903 
of kidney, 963 
of neck structures, 702- 
708 

of paranasal sinuses, 909 
of pelvic viscera, 301 
of pelvic walls, 324 
of prostate, 362 
in rectal examination, 359, 
397,398 
of thorax, 53 
of uterus, 363, 364, 367, 

967 

in pregnancy, 151, 301, 
965 

of vas deferens, 199, 961 
Palsy 

cerebral, 678-679 
Erb-Duchenne, 527, 528, 
969 

Klumpke, 527-528, 969 
median nerve, 534, 970 
radial nerve, 969 
ulnar nerve, 537, 541, 970 
Pancreas, 206-207, 224, 249- 
250, 296 

anatomic relations of, 249- 
250 

anular, 289 

blood vessels of, 250, 296 
cancer of, 288, 289, 294, 

964 

clinical notes on, 288-289 
congenital anomalies of, 

289 

ducts of, 226, 246, 247, 248, 
249-250, 293, 296, 
963 

head, neck, body, and tail 
of, 249, 295 

lymphatic system of, 250 
nerves of, 250 
pseudocysts of 289 
surface anatomy of, 151 
trauma of, 288 

in splenectomy, 289, 290, 
293, 963 
Pancreatitis, 288 
gallstone, 293, 963 
Papilla(e) 

duodenal, major, 226, 246 
filiform, of tongue, 842 
fungiform, of tongue, 842 
hair, 5-7 
lacrimalis, 813 
renal, 254 

vallate, of tongue, 842 
Papilledema, 905, 915, 979 
Paracentesis 

abdominal, 192, 193 
thoracic, 138 
Paralysis 

of abducent nerve, 906 


Paralysis —Continued 
in anterior compartment of 
leg syndrome, 679 
of cricothyroid muscle, 976 
of deltoid muscle, 529 
of diaphragm, 79, 900, 958 
of facial nerve, 906, 977 
in femoral nerve injuries, 
680 

of gluteus medius and min¬ 
imus muscles, 678 
of hypoglossal nerve, 907 
in median nerve injuries, 
532, 534 

in obturator nerve injuries, 
683 

of oculomotor nerve, 905- 
906 

in peroneal nerve injuries, 
681 

of phrenic nerve, 140, 900 
of quadriceps femoris mus¬ 
cle, 680 

in radial nerve injuries, 531, 
546,969 

in sciatic nerve injuries, 680 
of serratus anterior muscle, 
528, 538, 969 

in spinal cord injuries, 142, 
949, 950, 958 

of teres minor muscle, 529 
in tibial nerve injuries, 683 
of trapezius muscle, 897 
of trochlear nerve, 906 
in ulnar nerve injuries, 536 
Paralytic ileus, 972 
Paramedian incision, 185- 
186, 199,960-961 
Paramedian planes, 1 
Parametrium, 353 
Pararectus incision, 186, 199, 
960-961 

Parasympathetic nervous sys¬ 
tem, 31. See also 
Nervous system, 
parasympathetic 
Parathyroid glands, 736, 976 
blood supply of, 736 
clinical notes on, 899 
inferior, 736 
of neck, 736 
superior, 736 
Paresthesia, 956 
Parietal bones, 701, 782, 786, 
787, 793, 794 
fracture of, 978 
Parietal layer 

of pelvic fascia, 314 
of pericardium, 101 
of peritoneum, 180, 181, 

207, 211-212, 216, 
279, 296 

inflammation of, 182, 

281, 284, 961 
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Parietal layer— Continued 
of pleura, 53, 84, 88, 956 
of serous membrane, 34 
Parona, space of, 543 
Paronychia, 40, 968 
Paroophoron, 356 
Parotid gland, 708, 757-761, 
914, 917, 977 
accessory part of, 758 
anatomic relations of, 760 
blood supply of, 760 
cancer of, 977 
capsules of, 758 
clinical notes on, 901-902 
lobes of, 758 

lymphatic drainage of, 760 
nerve supply of, 760 
processes of, 758 
shape of, 758 
structures in, 758-760 
Parotid region, 757-761 
Parotitis, acute, 902 
Pars 

distalis, of hypophysis cere¬ 
bri, 802 
flaccida, 833 

intermedia, of hypophysis 
cerebri, 802 
tensa, 833 

tuberalis, of hypophysis ce¬ 
rebri, 802 

Parturition, 352. See also La¬ 
bor and delivery 
Patella, 557, 604-607 
clinical notes on, 686 
fractures of, 686 
Pectoral region, 405, 412-418 
bones of shoulder girdle 
and arm, 414-^18 
mammary glands, 403-404, 
412-414. See also 
Mammary glands 
muscles of, 418-426 
Pedicles, vertebral, 925 
lumbar, 175 
Peduncles 
cerebellar 
inferior, 805 
middle, 805 
superior, &05 
cerebral, 805 

Pelvic brim, 301, 305, 324, 

329 

Pelvic cavity, 306, 324, 331- 
369, 371 

bladder, urinary, 250, 367, 
368. See also Bladder, 
urinary 

clinical notes on, 358-365 
clinical problems on, 365- 
367 

answers to, 965-967 
colon, sigmoid, 331-332, 
357-358 


Pelvic cavity— Continued 
contents of, 331-356 

in female, 334, 343-356, 
362-365 

in male, 334, 336-343, 
354 

cross-sectional anatomy of, 
354, 355,356 
National Board type ques¬ 
tions on, 367-369 
answers to, 984 
ovary, 344—347, 362-363 
peritoneum, 281, 314, 965- 
966 

in female, 353-356 
in male, 343 

prostate, 340-343. See also 
Prostate 

radiography of, 324, 355, 
356-358 

rectum, 301, 357-358, 359. 

See also Rectum 
seminal vesicles, 340, 368 
ureter, 250, 255, 257, 291, 
294, 295, 297, 341, 
368, 964 

in female, 294, 344, 360- 
362, 963-964, 967 
in male, 340 

urethra, prostatic, 343, 362 
uterine tube, 345, 347, 348, 
363 

uterus, 346. See also Uterus 
vagina, 301. See also Vagina 
vas deferens, 340, 341 
visceral pelvic fascia 
in female, 353 
in male, 343 
Pelvic girdle,-299 
Pelvic walls, 299-300 
anterior, 306, 307 
arteries of, 320 
bladder, urinary, 301, 302 
bones of, 299-300, 301-306 
lateral, 310-312 
posterior, 307 
bony pelvis, 301-305, 322 
clinical notes on, 324-328 
clinical problems on, 328- 
329 

answers to, 964—965 
fascia of, 314 
inferior, 312-314 
landmarks on, 299-300 
lateral, 310-312 

measurements of, 324 
lymphatics of, 322 
muscles of, 316 

inferior, 312-314, 315 
lateral, 312 
posterior, 307-310 
National Board type ques¬ 
tions on, 329-330 
answers to, 984 


Pelvic walls— Continued 
nerves of, 310, 312, 313, 
314r-320, 322 
clinical notes on, 327-328 
hypogastric plexus, 318- 
319 

lumbar plexus branches, 
319-320 

sacral plexus, 314r-316, 
318, 327 

splanchnic nerves, 316, 
319 

sympathetic trunk, 318 
palpation of, 301, 324 
peritoneum of, 314 
posterior, 307-310 
measurements of, 324 
structure of, 306-316 
surface anatomy of, 299- 
301 

uterus, 301, 302 
veins of, 320-322, 330 
viscera of, 301, 326 
Pelvimetry, X-ray, 324 
Pelvis, 158, 161 
android, 325, 326 
anthropoid, 325, 326 
axis of, 324 

bony, 299, 301-306, 322, 
356-357, 563, 565 
clinical notes on, 324-326 
congenital anomalies of, 

326 

diagonal conjugate of, 324, 
329 

external measurements of, 
324, 330 

false, 305, 330, 922 
female, 304, 305, 322, 323, 
324-326, 329 
abnormalities of, 326 
measurements in obstet¬ 
rics, 324, 965 
floor of, 312-314, 333 

clinical notes on, 326-327 
in labor, 326—327 
fractures of, 326, 965 
gynecoid, 325, 326 
inlet of, 305, 324 
internal measurements of, 
324 

joints of, 322 
lesser, 305 

male, 304, 322, 323, 324 
outlet of, 306, 324, 330 
platypelloid, 325, 326, 330 
radiography of, 356-357, 
669, 670 

sagittal section of, 212 
sex differences in, 304, 322, 
323, 324 

true, 305-306, 324 
cavity of, 331, 371 
of ureter, 255 


Pelvis, of ureter— Continued 
radiography of, 276, 277, 
279 

Penis, 372-373, 384-385, 402 
blood supply of, 372, 382, 
388, 964 

body of, 372, 374, 384, 385, 
386 

bulb of, 372, 384, 388 
circumcision of, 397 
crura of, 372, 384, 388 
dorsal nerve of, 382, 388 
erection of, 295, 388, 964 
lymphatic drainage of, 385 
pain referred to, 366, 966 
prepuce of, 373, 385 
root of, 372, 374, 384, 386 
Pepsin, 282, 283 
Percussion, of thorax, 53-54 
Pericapsulitis, 541 
Pericardial friction rub, 137 
Pericarditis, 137 
Pericardium, 100, 101, 102 
clinical notes on, 137-138 
fibrous, 101 
parietal layer of, 101 
serous, 101 
visceral layer of, 101 
Perichondrium, 39 
Pericranium, 744 
Perilymph, 837 
Perineum, 332, 371-402 
anal canal, 372, 376-380, 
393-397, 402 

anal triangle, 371, 372, 373, 
376-382, 393-397 
contents of, 376-382 
clinical notes on, 393-400 
clinical problems on, 400- 
401 

answers to, 967-968 
clitoris, 373, 374, 382, 389, 
391, 401 

deep perineal pouch, 383, 
384 

in female, 390-391 
in male, 387-388 
fascia of, superficial, 382 
ischiorectal fossa, 380-382, 
395,397 

muscles of, 391, 392 
National Board type ques¬ 
tions on, 401-402 
answers to, 984 
penis, 366, 372-373, 374, 
382, 384-385, 386, 
387, 388,389, 397, 
402, 964, 966 
rectal examination, 397, 

398 

scrotum, 373, 385-387 
superficial perineal pouch, 
382, 383 

in female, 389-390 
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Perineum, superficial perineal 
pouch—Co n tinned 
in male, 387 
surface anatomy of, 371 
trauma of, 400, 968 
urethra, 250 

female, 393, 402 
male, 343, 362, 372, 385, 
387, 388, 389, 397- 
399, 400-401, 959, 
968 

urogenital diaphragm, 382- 
384, 390 

urogenital triangle, 371, 
372-374, 382-393, 
397-400 

clinical notes on, 397^00 
female, 373-375, 389- 
393,399-400 
male, 372-373, 384-389, 
397-399 

vagina, 374, 393, 399 
vulva, 373-375, 393, 399 
Periosteum, 38 
Peripheral nervous system, 

25, 28, 30 

Peristalsis, 15, 216, 380 
Peritoneum, 180, 207-216 
clinical notes on, 279-282 
in dialysis, 281 
function of, 216 
ligaments of, 207-210 
liver attachments to, 207- 
210,211,244, 286 
mesentery of, 207, 208, 212 
nerve supply of, 180, 216 
omentum of, 207, 208, 212 
parietal (abdominal), 180, 
181, 207, 211-212, 
216, 279,296 
inflammation of, 182, 
281, 284, 961 
pelvic, 281, 314, 965-966 
in female, 353-356 
in male, 343 

pouches or fossae of, 212- 
216 
rectal, 333 
of spleen, 250 
of stomach, 220 
traced around abdominal 
cavity, 210-212 
traced around pelvis, 343, 
353 

of uterus, 349 
visceral, 207, 212, 216, 279 
Peritonitis, 281, 292, 359, 365, 
961 

chemical, 959 
Pes 

cavus, 692 
planus, 692 

Peyer’s patches, 229, 239, 

296 


Phalanges 
of foot, 613 

head, shaft, and base of, 
613 

radiography of, 676 
of hand,468 
joints of, 513-514 
Pharynx, 843-850 

blood vessels of, 849-850 
clinical notes on, 908-909 
fibrous layer of, 843 
interior, 846-850 
laryngeal part of, 849-850 
walls of, 849 
lymphatics of, 850, 908 
mucous membrane of, 843 
muscles of, 843-846, 916 
muscular layer of, 843 
nasal part of, 846, 848, 908 
roof, floor, and walls of, 
848 

nerve supply of, 849 
oral part of, 848, 908 
roof, floor, and walls of, 
848 

palatine tonsils in, 848-849 
reflex of, 906 

swallowing mechanisms in, 
852 ^ 

Pheochromocytoma, 292 
Philtrum, 747 
Phimosis, 397 
Phosphatase, acid, in pros¬ 
tatic secretions, 341, 
362 

Pia mater 
of brain, 801 
of spinal cord, 938 
Piles (internal hemorrhoids), 
393-395 

Pisiform bone, 409, 465 
Pits 

granular, 790 
olfactory, 747 
Pituitary gland, 802, 917 
tumor of, 978 
Planes 

anatomical, 1 
intercristal, 149, 200 
intertubercular, 149 
subcostal, 149 
transpyloric, 149, 200 
Plantar surface of foot, 1, 
636—650 

Plate 

cribriform, 793 
epiphyseal, 39 

disorders of, 41-42 
horizontal, of palatine 
bone, 787 
motor end, 15 
pterygoid 
lateral, 787 
medial, 787 


Plate— Continued 
tarsal, 815 
tympanic, 787 
Plateaus, tibial, 607, 762 
Platysma, 705, 710 
clinical notes on, 898 
nerve supply to, 710, 898 
Pleurae, 34, 84-89 
borders of, 61 
anterior, 61 
lower, 61 
cervical, 57, 84 
cervical dome of, 78, 898 
clinical notes on, 134-135 
costal, 86 
diaphragmatic, 86 
mediastinal, 86-88 
nerve supply of, 88-89 
parietal, 53, 84, 88, 956 
surface markings of, 57-61, 
78 

visceral, 53, 84 
Pleural reflection, 57, 78 
lower limit of, 78 
Pleurisy, 80, 134, 136, 182 
Pleuritis, 134 
Plexus 

choroid, 800—801, 807, 938 
lymphatic 

subareola, 414 
submammary, 414 
superficial and deep, 95 
nerve, 28. See also specific 
plexus 

venous, 21. See also specific 
plexus 

Plica 

circulares, 226, 239, 296 
fimbriata, 842 
semilunaris, 813 
Pneumoarthrography, 690 
Pneumoencephalography, 869 
Pneumonia, 134,136, 137, 

141, 957 

Pneumoperitoneum, 140 
Pneumothorax, 134, 135, 136, 

142, 957-958 
artificial, 135 
open, 135 

positive-pressure, 135 
spontaneous, 135 
Point, motor, 15 
Poliomyelitis, 49, 945, 946, 
955 

Pons, 794, 805 
Popliteal surface, 569 
Porta hepatis, 212, 243, 244 
Position, anatomical, 1—2, 51 
Posterior surfaces, 1 
Postural drainage, 137 
Posture, maintenance of, 15 
Pouch 

of Douglas, 212, 345, 349, 
352, 353,362-363 


Pouch—Con tinued 
perineal 

deep, 383, 384,387-388, 
390-391 

superficial, 382, 383, 387, 
389-390 

peritoneal, 212-216 
pharyngeal, 909 
rectouterine, 212, 345, 349, 
352, 353, 362-363, 
365, 965 

rectovesical, 212, 343 
Pregnancy, 328-329, 330, 
964-965 

diagnosis of, 399 
ectopic, 363, 366, 967 
edema in, 295, 964 
hemorrhoids in, 395 
levatores ani muscles in, 

965 

onset of labor in, 352. See 

also Labor and deliv¬ 
ery 

ovary in, 345, 362 
pelvic joints in, 328 
pelvis in 

and dystocia in abnor¬ 
malities of, 326 
measurements of, 324 
pressure from fetal head in, 
327 

rectal examination in, 398 

term of, 352 

uterus in, 301, 302, 352, 

363, 364 

palpation of, 151, 301, 

965 

Premaxilla, 747 
Premolar teeth, 840 
Prepuce 

of clitoris, 373, 374, 389 
of penis, 373, 385 
Presbyopia, 828 
Process(us) 

acromion, of scapula, 404, 
922 

alveolar, of maxilla, 786 
articular, of vertebrae, 925 
lumbar, 177 
ciliary, 926-927 
clinoid 

anterior, 793 
posterior, 794 
cochleariformis, 833 
condyloid, of mandible, 

772, 775 

coracoid, of scapula, 404, 
416 

coronoid 

of mandible, 702, 772, 

775 

of ulna, 465 

facial, of parotid gland, 758 
frontonasal, 747 
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Process(us )—Continued 
glenoid, of parotid gland, 
758 

of incus, long and short, 
833 

of malleus, anterior and 
lateral, 833 
mandibular, 747 
mastoid, 701, 786, 790, 915 
in newborn, 903 
maxillary, 747 
muscular, 857 
nasal, lateral and medial, 
747 

odontoid, 864 
olecranon, of ulna, 465 
palatal, of maxillae, 787 
pterygoid, of parotid gland, 
" 758 

spinous, of vertebrae, 925 
lumbar, 175-177 
sacral, 300 
thoracic, 56 
styloid 

of fibula, 607 
of radius, 409, 411, 465 
of temporal bone, 786, 
787 

of ulna, 465 

transverse, of vertebrae, 
307, 925, 980 
lumbar, 175 
uncinate, 249, 296 
vaginalis, 180, 172, 173, 
174, 959, 960 
clinical notes on, 194- 
196 

congenital anomalies of, 
194-196 
vocal, 857 
xiphoid, 63, 145 
zygomatic, of temporal 
bone, 786 
Proctoscopy, 359 
Prolapse 

of hemorrhoids, 395 
of ovaries, 362-363 
of rectum, 327, 359 
of uterus, 327, 364 
of vagina, 327, 364, 365, 
367,967 

Prominence, of facial nerve 
canal, 833 
Promontory 

sacral, 301, 307, 329, 926, 
965 

of tympanum, 833 
Pronation of forearm, 5, 511 
Prone position, 2 
Prostate, 340-343, 366, 367, 
966-967 

anatomic relations of, 340- 
341 

blood supply of, 343, 362 


Prosta te— Co/? ti n ued 
carcinoma of, 362, 366, 

946, 951-952, 966, 
980 

clinical notes on, 362 
examination of, 362 
function of, 341-343 
hypertrophy of, 200, 362, 
363,961,966,967 
lobes of, 341, 362, 366, 967 
lymph vessels of, 343 
nerves of, 343 
Protraction, 5 
Protrusion of tongue, 842 
Protuberance, occipital 

external, 699, 705, 787, 919 
internal, 795 
Proximal structures, 1 
Pruritus ani, 967 
Pseudocysts of pancreas, 289 
Pterion, 701, 786 
Ptosis 

of eyelid, 819, 906 
visceral, 185, 959 
Pubis, 177, 299-300, 310, 312, 
330, 563, 564 
arch of, 324 
body of, 312, 563 
crest of, 146, 300, 312, 563 
rami of, superior and infe¬ 
rior, 312, 563 

symphysis of, 16, 146, 299, 
301, 312, 322, 371, 
554, 563 

tubercle of, 145-146, 189, 
299, 312, 554, 563, 
691 

Pulp space of fingers, 504, 
543-544 

infection of, 543-544, 971 
Pulse 

apex beat of, 56 
carotid, 898 
Pump 

thoraco-abdominal, 73 
venous, of lower limb, 578, 
677, 693, 972-973 
Puncta lacrimalis, 813, 815 
Puncture, lumbar, 950-951, 
953, 954, 980-981 
Pupil, 827 

light reactions of, 827, 907, 
916 

Purkinje fibers, 107 
Purpura, thrombocytopenic, 
294,963 
Pyelography, 294 
intravenous, 276 
retrograde, 276, 279 
Pylorus, 219-220 
Pyopneumothorax, 135 
Pyramid 

of medulla oblongata, 805 
decussation of, 805 


Pyramid —Con tinued 
renal, 254 
of tympanum, 830 

Quadrants, abdominal, 149 
Queckenstedt sign, 951 
Quinsy, 908 

Racial differences, in basic 
anatomical struc¬ 
tures, 39-40 
Radiation, optic, 875 
Radiography, 47-49 
of abdomen, 267-279 
of ankle region, 673, 674 
of appendix, 272 
barium in. See Barium stud¬ 
ies 

of biliary apparatus, extra- 
hepatic, 272-276 
of bladder, urinary, 267, 

279 

bronchography, 131, 132, 
134 

of coccyx, 945 

of colon, sigmoid, 357-358 

of diagphragm, 80, 124, 

267, 956 

of duodenum, 267, 272, 

293, 962 

of elbow, 519, 520, 522, 541 
of esophagus, 134, 140 
of foot, 675, 676 
of gallbladder, 274-276 
of gastrointestinal tract, 
267-272, 273, 274, 
357-358 

of genital tract, female, 

357, 358 

of hand, 521, 522-524 
of head, 869-874, 876-885, 
913, 976 

of heart, 124, 134, 143 
of hip region, 669, 670, 683 
of ileum, 272 

of intestines, 267-272, 273, 
274, 357-358 
large, 272, 274 
small, 267-272, 273 
of jejunum, 272 
of kidneys, 267, 276 
of knee region, 669-674 
of liver, 267 
of lower limb, 669-676 
of lungs, 124, 141, 957 
of mammary gland, 124 
of mediastinum, 124 
of metatarsus, 676 
of paranasal sinuses, 874, 
876-879 

of pelvic cavity, 324, 355, 
356-358 

of pelvis, bony, 356-357, 
669, 670 


Radiography —Continued 
of phalanges of foot, 676 
of psoas muscle, 267 
of rectum, 357-358 
of sacrum, 945 
of shoulder, 518-520 
of skull, 869-874, 876-879 
of spleen, 267 
of stomach, 267, 270 
of subarachnoid space, 
spinal, 945 

of suprarenal glands, 291 
of tarsus, 676 
of thorax, 122-134, 143 
of trachea, 124 
of upper limb, 517-524 
of ureter, 276-279 
of urinary tract, 276-279 
of vertebral column, 328, 
939-945, 980 
cervical, 847-875, 886, 
939, 940 

lumbosacral, 940-945 
thoracic, 939-940, 941, 
942 

of wrist, 521, 522—524 
Radiotherapy, in breast can¬ 
cer, 545, 969 
Radius, 463-465, 970 

bicipital tuberosity of, 465 
clinical notes on, 539 
fractures of, 538, 539, 542, 
549 

head of, 407, 463, 539, 542 
interosseous border of, 465 
lower end of, 465 
muscular and ligamentous 
attachments to, 464, 
465 

neck of, 465, 539 
nutrient artery of, 476 
styloid process of, 409, 411, 
465 

tubercles of 
dorsal, 409, 465 
pronator, 465 
upper end of, 463 
Ramus (rami) 
gray rami communicantes, 
33, 120, 733, 734 
of intercostal nerve, 70 
of ischium, 563 
of mandible, 702 
of oculomotor nerve, 823- 
825, 889 

of pubis, 312, 563 
of spinal nerve, 25, 28 
anterior, 25, 28, 938 
posterior, 25, 938 
white rami communi¬ 
cantes, 31, 120 
Raphe, 9, 10, 373 
Raynaud’s disease, 140, 525 
Rebound tenderness, 281 
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Recess 

costodiaphragmatic, 61, 86, 
881 

costomediastinal, 88 
epitympanic, 830 
of pelvic mesocolon, 331 
pharyngeal, 848 
pineal, 805 

spheno-ethmoidal, 853 
Rectocele, 365 
Rectum, 206, 332—335, 367 
anatomical relations of, 
334, 359 

blood supply of, 335, 336, 
358 

carcinoma of, 327, 358, 

359, 966 

clinical notes on, 358-359, 
397 

examination of, 301, 359, 
362, 365, 366, 397, 
398, 402, 965, 966 
in female, 334, 397, 398 
foreign bodies in, 365, 966 
hemorrhoids, of, 359 
junction with anal canal, 
380 

lymph vessels of, 336, 359 
in male, 334, 397, 398, 402 
mucous membrane of, 333 
muscular coat of, 333 
nerve supply of, 336 
peritoneum of, 333 
prolapse of, 327, 359 
radiography of, 357-358 
rectocele, 365 
transverse folds of, 333, 
335,358 

trauma of, 365, 965 
Referred pain. See Pain, re¬ 
ferred 

Reflection, pleural, 57, 78 
lower limit of, 78 
Reflexes, 12, 13, 43, 46, 50, 
955-956 

abdominal superficial, 43 
accommodation, 907 
Achilles tendon, 43, 679, 
694, 947, 973, 980 
ankle jerk, 43, 579, 694, 
947, 952, 973,980 
automatic reflex bladder, 
360 

biceps brachii tendon, 43, 
527 

absence of, 549, 971 
brachioradialis tendon, 43, 
527 

cremasteric, 174, 263 
knee jerk, 43, 50, 679, 694, 
955-956, 973 
absence of, 50, 955-956 
light, 827 

consensual, 907, 916 


Reflexes, light —Continued 
direct, 907, 916 
in lower limb, tests of, 679 
in micturition, 338-340 
patellar tendon, 43, 50, 679, 
694, 955-956, 973 
pharyngeal, 906 
pupillary, 827, 907, 916 
triceps brachii tendon, 43, 
527 

absence of, 549, 971 
of upper limb, tests of, 527 
Relaxin, production in preg¬ 
nancy, 328 

Resection, segmental, of 
lungs, 137 
Respiration, 68-69 

abdominal muscles, in, 161, 
185 

abdominal types of, 100 
in asthma, 137 
breath sounds in, 141, 957 
diaphragm in, 73, 95 
expiration in, 98-100 
in flail chest, 76 
and inhalation of foreign 
bodies, 136 

inspiration in, 95—98, 142, 
144, 958 

in loss of lung distensibility, 
137 

in loss of lung elasticity, 

137 

lungs in, 86, 88, 95-101, 

137 

in newborn, 100, 142, 958 
in pneumothorax, 135 
thoracic type of, 101 
types of, 100-101 
vocal fold movements in, 
864 

Rete testis, 175 
Retina, 827 

central artery of, 826, 827 
edema of, 905 
examination of, 905 
ganglionic layer of, 875 
nervous layer of, 827 
pigmented layer of, 827 
Retinacula, 8, 9 

of ankle, 617-620, 634-636 
extensor, 617, 634-635 
flexor, 620, 635—636 
peroneal, 620, 636 
structures in region of, 
634-636 

of forearm, 468-469 
extensor, 468, 469, 487- 
488 

flexor, 468, 469, 486-487, 
488, 535, 550 
structures in region of, 
486-488 
Retraction, 5 


Retraction —Continued 
of tongue, 842, 843 
Retroperitoneal organs, 207 
Retzius, cave of, 340 
Rhinorrhea, cerebrospinal, 

903 

Rhythm, abdominothoracic, 
185 

Ribs, 55, 64-67, 177 

age-related changes of, 78 
atypical, 65 
cervical, 76, 897, 976 
excision of, 76 
floating, 64 

fractures of, 76, 80, 197, 
956, 958 
head of, 65 
lower, 78 
neck of, 65 
twelfth, 76 
typical, 64-65 
upper, 407 
Rickets, 41 
Ridge 

interureteric, 338 
superciliary, 701 
supracondylar 
lateral, 566 
medial, 566 

transverse, of calcaneum, 
609 

Rima 

glottidis, 861, 910 
vestibuli, of larynx, 859 
Ring 

anorectal, 380, 395-397, 
401, 967 
ciliary, 826 

femoral, 154, 189, 588, 697 
inguinal 
deep, 165 

superficial, 146, 154, 165 
tendinous, common, 819 
of trachea, first, 705 
Rods and cones, 827 
Roentgenography, 49. See also 
Radiography 

Roof 

of cubital fossa, 463 
of inguinal canal, 165 
of mouth, 840, 850 
of nasal cavity, 853 
of orbit, 816 
of pharynx, 848 
of popliteal fossa, 613 
of tympanic cavity, 830 
Roots 

of accessory nerve 

cranial, 732, 811, 892, 

896 

spinal, 732, 811, 892-896 
of brachial plexus, 428, 429, 
527, 546, 708, 718, 

897 


Roots —Continued 
of clitoris, 389, 391 
of lumbosacral trunk, 262 
of lungs, 89, 95, 143 
of median nerve 
lateral, 430 
medial, 432 
of nail, 5 

of neck, 705-706, 731, 737- 
741,916 
of nose, 853 

of penis, 372, 374, 384, 386 
of spinal nerves, 25, 29, 
936-938 

anterior motor, 25, 936- 
938 

cervical, 980 

posterior sensory, 25, 938 
of trigeminal nerve, motor 
and sensory, 889, 906 
Rotation, 5 
of hip joint, 604 
of knee joint, 656, 657 
lateral, 5, 447, 604 
medial, 5, 447, 604 
of shoulder joint, 447 
of thumb, 513, 516 
of vertebral column, 933, 
946 

Rotator cuff, 439, 540, 541, 

550 

Rubs, friction 
pericardial, 137 
pleural, 135 
Rugae, 220 

Running, foot action in, 669 
Sac 

conjunctival, 813-815 
foreign body in, 914, 978 
hernial, 186 

preformed, 194, 195 
lacrimal, 815 
peritoneal, 207, 212-213 
greater, 207 

lesser, 207, 211,212-213, 
219 

opening of, 207, 213 
Saccule 

of larynx, 861 
of membranous labyrinth 
of ear, 837 

Saccus endolymphaticus, 837 
Sacrum, 300, 301, 307, 308, 
309, 331,685,919- 
920, 926 

clinical notes on, 328 
crest of, 300, 919-920 
hiatus of, 30, 307, 920, 926 
radiography of, 945 
sacrococcygeal joint, 322, 
330 

sacroiliac joint, 307, 322, 
329-330 
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Sacrum —Continued 
spine of, 919 
spinous processes of, 300 
Sagittal plane, median, 1 
Salivary glands, 708, 778-780, 
916 

clinical notes on, 901-903 
parotid, 708, 757-761, 901- 
902, 914, 917, 977 
sublingual, 708, 776, 779- 
780, 840, 902-903 
submandibular, 708, 776, 
778-779, 840, 902, 
908 

Salpingo-oophoritis, 363 
Scala 

tympani, 837 
vestibuli, 837 
Scalp, 741-747 

blood vessels of, 746-747, 
900-901, 976—977 
clinical notes on, 900-901 
infections of, 901, 913, 976- 
977 

layers of, 744 
muscles of, 744r-746 
nerves of, sensory, 746 
sebaceous cyst of, 976 
skin of, 900 
trauma of, 913, 977 
Scanning, computed tomogra¬ 
phy, 49, 122, 133,' 
134, 874, 884-885 
Scaphoid bone, 411, 465 
fractures of, 539-540, 542, 
548, 970 

Scapula, 56-57, 416-418, 920- 
922 

acromion process of, 404, 
922 

angles of 

inferior, 57, 405, 416- 
418, 922 

superior, 56, 922 
clinical notes on, 538 
coracoid process of, 404, 

416 

fractures of, 538 
glenoid cavity of, 550 
medial border of, 922 
muscular and ligamentous 
attachments to, 417, 
418 

spine of, 56-57, 416 
crest of, 404-405, 922 
surface anatomy of, 404— 
405, 408 

winging of, 528, 538, 546, 
969 

Scapular region, 434- 44 7. See 
also Back 

Scarpa’s fascia, 154, 174, 382 
Schlemm, canal of, 828 
Sciatica, 680, 947, 950 


Sclera, 826 

Scoliosis, 946, 947, 951, 952, 
979, 980 

Scotoma, central, 905 
Scrotum, 146-148, 172, 174, 
199, 200, 373, 385- 
387,961 

lymphatic drainage of, 175, 
199, 387,961 

Sebaceous glands, 5, 7, 40, 

830 

Sebum, 7 

Sella turcica, 794 

Semen, 388 

Seminal fluid, 388 

Seminal vesicles, 340, 368 

Septum 

atrial, cardiac, 103, 107 
defects of, 138 
femoral, 189, 588, 691 
nasal, 853, 909 
orbital, 815 
rectovesical, 341 
of tongue, fibrous, 840 
ventricular, cardiac, 107 
defects of, 138 
Serous membranes, 34 
Sesamoid bones, 613 
Sex hormones, 258 
Sexual differences 

in anatomical structures, 39 
of pelvic cavity, 334, 336- 
356 

of pelvis, 304, 322, 323, 
324 

of urogenital triangle, 
372-375, 384-393 
in respiratory movements, 
100-101 

Sexual intercourse, painful, 
363 

Shaft 

of femur, 566, 686 
of fibula, 607 
of humerus, 539 
of metacarpal bones, 465- 
468 

of metatarsal bones, 613 
of phalanges of foot, 613 
of ribs, 65 
of tibia, 607 
of ulna, 465 
Sharpey’s fibers, 38 
Sheath 

axillary, 426, 528, 713, 717, 
718 

carotid, 706, 713, 916 
fascial, of eyeball, 823 
femoral, 180, 181, 190, 584, 
588 

clinical notes on, 691-692 
fibrous flexor 
of foot, 641 
of hand, 490 


Sheath —Continued 
psoas, 692 

rectus abdominis muscle, 
156-160, 162, 200- 
201 

synovial, 21, 22, 42 
clinical notes on, 42 
of extensor tendons 
digitorum longus, 651 
tenosynovitis of, 956 
of flexor tendons 
of foot, 642, 643 
ofhand,490, 543 
Shenton’s line, 669, 683, £93 
Shock 

skin in, 40 
spinal, 360, 950, 980 
Shoulder joint and region, 
440,540-541 

anatomic relations of, 445, 
447 

anatomic spaces in, 439 
arterial anastomosis in, 
440, 441 

bones of, 56-57, 414-418 
clinical notes on, 540-541 
dislocation of, 528, 531, 
540,546,969-970 
movements of, 2, 14, 15, 
444-447, 448 
pain in, 541 

referred, 136, 197, 288, 
292, 527, 541, 959, 
961 

radiography of, 518-520 
in anteroposterior view, 
518-520 

in inferosuperior view, 
520 

rotator cuff of, 439, 540, 
541, 550 

Shunts, portacaval, 286 
Sigmoidoscopy, 358 
Silicosis, 137 
Singing, 863 
Sinus(es) 
anal, 395 
aortic, 107 

carotid, 724, 911-912, 975- 
976 

hypersensitive, 898 
cavernous, 802 

thrombosis of, 901, 977 
coronary, 103, 111 
of epididymis, 175 
ethmoidal, air, 857, 909 
anterior, 853, 857 
middle, 857 
posterior, 853, 857 
frontal, air, 701, 702, 752, 
786, 853, 855—857, 
909, 910, 978 
intercavernous, anterior 
and posterior, 802 


Sinus(es )—Continued 
of larynx, 861 
mastoid, air, 836, 907 
maxillary, air, 702, 786, 

853, 855, 909, 910, 
978 

oblique, of pericardium, 

101 

occipital, 795, 801-802 
paranasal, 853, 855-857 
clinical notes on, 909-910 
examination of, 909 
infection of, 909, 910, 978 
innervation of, 909 
radiography of, 874, 876- 
879 

petrosal 

inferior, 729, 795, 802 
superior, 798, 802 
prostatic, 343 
of pulmonary trunk, 105 
sagittal 

inferior, 801 

bleeding from, 905 
superior, 699, 790, 801 
sigmoid, 795, 798, 801 
sphenoidal, air, 853, 857 
straight, 801 

bleeding from, 905 
tarsi, 609 
tonsillar, 848 
transverse 

cranial, 795-798, 801 
of pericardium, 101 
venous, of cranial cavity, 
801—802 

confluence of, 801 
thrombosis of, 901, 977 
Sinusitis, 855 

frontal, 909, 910, 978 
maxillary, 909, 910, 978 
Sinusoids of liver, 25, 244 
Skeleton 

bones of. See Bone(s) 
of heart, 107 
Skin, 5—8, 40—41 

of abdominal wall, 152- 
154, 174 

clinical notes on, 182-185 
of arm, upper, 447-450 
of back, 434, 936 
burns of, 40, 50, 955 
of buttock, 560-563 
clinical notes on, 40-41 
of face, 747, 749, 751, 901 
of foot 

on dorsum, 650—651 
on sole, 636 
of forearm, 468 
grafting of, 40-41 
of hand 

on dorsum, 504 
on palm, 488 
infections of, 40 
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Skin —Continued 
of leg, 620-621, 627 
of mammary gland, 526 
of neck, 708 

nerve supply of, 43. See also 
Nerve(s), of skin 
of scalp, 744, 900 
of scrotum, 174 
sensory loss of 

in median nerve injuries, 
534 

in radial nerve injuries, 
531 

in ulnar nerve injuries, 
536-537 

of thigh, 577-580, 597-598 
Skull, 782—802, 918 
adult, 903 

age-related changes of, 790 
anterior view of, 783, 784, 
786 

base of, 782, 791, 793-798 
bones of, 752-754, 782, 903 
clinical notes on, 903-905 
cranial cavity, 790 

venous sinuses of, 801— 
802 

cranial fossa, 793-798 
cranium, 782 
diploe of, 782 
endocranium, 782 
fontanelles of, 699-701, 
790, 903, 915, 978 
fractures of, 903 
inferior view of, 787—790 
lateral view of, 785, 786- 
787, 869, 874, 878- 
879 

neonatal, 790, 792, 903 
pericranium, 777, 782 
posterior view of, 787, 788 
postero-anterior view of, 
869, 874, 876-877 
radiography of, 869-874, 

" 876-^879 

superior view of, 787, 788 
sutures of, 2, 782, 786, 787 
vault of, 782, 790-793 
vertex of, 699 
in young child, 903 
Small intestine, 203-205. See 
also Intestine, small 
Smell sense, loss of, 905 
Smith’s fracture, 539 
Snuffbox, anatomical, 411, 
483 

Sole of foot, 636—650 
Space 

extradural, 920, 938 
extraperitoneal, right, 215 
fascial 

of palm, 502-504, 543 
infection in, 971 
of sole of foot, 636 


Space —Con tin ued 

intercostal, 67, 69, 78, 81 
midpalmar, 502-504 
of Parona, 543 
pulp, of fingers, 504, 543- 
544 

infection in, 971 
quadrilateral, 439, 551 
retromammary, 412 
retropharyngeal, 713 
subaponeurotic, 744 
subarachnoid, 328, 800, 

922, 938,953,964 
lumbar puncture in, 950- 
951 

radiography of, 945 
subdural, 800 
subfascial, 504 
subphrenic, 215, 279, 286 
anterior, 215 
posterior, 215 
suprasternal, 712 
thenar, 502-504 
infection in, 971 
triangular, 439 
Spasm 

of adductor muscles of 
thigh, 678-679 
of brachial artery, 970 
in torticollis, 897 
Speech, 863, 910 
Spermatic cord, 146, 154, 156, 
168-174, 201 
coverings of, 173—174 
hydrocele of, encysted, 

960 

structures of, 168-172 
Sphenoid bone, 782, 786, 787, 
793, 794 

greater wing of, 786 
spine of, 787 
Sphincter 
anal, 40 

external, 372, 376, 378, 
380 

internal, 376, 380 
of eyelids, 754 
gastroesophageal, 218 
of larynx, 863 
of lips, 756 
of Oddi, 246 
pupillae, 827 
pyloric, 219, 220, 296 
urethrae, 387-388, 391 
vaginae, 313 
vesicae, 338 

Spinal cord, 49, 50, 922, 936— 
939, 953, 955-956 
arachnoid mater of, 938 
blood supply of, 939 
cervical and lumbar en¬ 
largements of, 936 
dura mater of, 938 
gray matter of, 33 


Spinal cord —Continued 
injuries of, 142, 949, 950, 
958, 980 

bladder function in, 360, 
361, 366, 966 
pia mater of, 938 
poliomyelitis affecting, 49, 

955 

vertebral column tumor 

pressing on, 50, 955- 

956 

Spindles 

muscle, 12, 13, 15 
tendon, 12, 15 
Spine(s) 

iliac, 310-312 

anterior inferior, 563 
anterior superior, 145, 
201, 299, 330,553, 
563,922 

posterior inferior, 563 
posterior superior, 145, 
299, 310, 553, 563, 
922 

of ischium, 310, 312, 563 
mental, of mandible, 772 
of scapula, 56-57, 416 
crest of, 404-405, 922 
of sphenoid, 787 
suprameatal, 787 
vertebral, 925 
lumbar, 919 
sacral, 919 
thoracic, 919 
Spleen, 200, 207, 250, 251 
accessory, 290, 963 
anatomic relations of, 250, 
251 

blood vessels of, 250 
clinical notes on, 289—290 
enlargement of, 289, 963 
lymph vessels of, 250 
nerves of, 250 
notched border of, 250, 

251, 296 

radiography of, 267 
surface markings of, 149, 
150 

trauma of, 290 
Splenectomy, pancreas dam¬ 
age in, 289, 290, 293, 
963 

Spondylolisthesis, 946, 949, 
980 

Sprains, of ankle, 690, 974 
Stability of joints, 19-21 
Stapes, 833, 835 

head, neck, limbs, and base 
of, 833 

Staphylococcal infections, 40, 
979 

Stenosis, of esophagus, 957 
Sternum, 63, 64, 76-78 
body of, 63 


Sternum —Continued 
manubrium of, 63 
marrow biopsy of, 78 
xiphoid process of, 63 
Stomach, 203, 217, 218-222 
acid secretion of, 293, 962 
anatomic relations of, 220, 
292, 961-962 
blood supply of, 220, 221 
body of, 219 
cancer of, 282, 293, 962 
cardiac orifice of, 218, 219 
clinical notes on, 282-283 
curvatures of, 295 
greater, 218, 219 
lesser, 218, 219 
fundus of, 218 
J-shaped, 218 

lvmphatic drainage of, 220- 
221,222,282,293, 
962 

mucous membrane of, 220, 
282 

muscular wall of, 220 
nerve supply of, 221 
peritoneum of, 220 
pyloric orifice of, 218, 219 
radiography of, 267, 270 
steer-horn, 218 
surfaces of, 218 
ulcers of, 282, 286, 289, 

292, 293, 961,962 
perforation of, 292, 961 
Stomodeum, 747 
Strabismus, 907, 914 
concomitant, 907 
external, 906 
internal, 906 

Straining, abdominal, 73, 165, 
* 168 

Striae 

ciliary, 826 
olfactory, 809 
Subcutaneous tissue, 5, 8 
Sublingual salivary gland, 

708, 776,* 779-780 
anatomic relations of, 779 
blood supply of, 780 
clinical notes on, 902-903 
lymphatic drainage of, 780 
nerve supply of, 780 
Submandibular region, 762, 
763, 769, 775-782 
Submandibular salivary 

gland, 708, 776, 778- 
779 

anatomic relations of, 778 
blood supply of, 779, 782 
capsules of, 778—779 
clinical notes on, 902, 908 
deep part of, 778 
lymphatic drainage of, 779 
nerve supply of, 779 
orifice of duct of, 840 
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Submandibular salivary 

gland —Continued 
superficial part of, 778 
Substance, perforated, poste¬ 
rior, 805 

Substantia nigra, 805 
Sulcus 

calcanei, 609 
calcarine, 803 
central cerebral, 803 
cerebral, 803 
chiasmatis, 794 
lateral cerebral, 803 
parieto-occipital, 803 
posterior median, of spinal 
cord, 936 
subtarsal, 815 
tali, 609 
terminalis 

of right atrium, 103 
of tongue, 842 
tympanic, 830 
Superficial structures, 1 
Superior structures, 1 
Supination of forearm, 5, 511 
Supine position, 2 
Suprarenal glands, 207, 258, 
297 

blood vessels of, 258 
clinical notes on, 291-292 
left, 258 

lymph vessels of, 258 
right, 258 

Surfaces, anatomical, 1 
Sustentaculum tali, 560, 609 
fractures of, 687 
Sutures of skull, 2, 782 
coronal, 787 
intermaxillary, 786 
lambdoid, 786, 787 
metopic, 787 
sagittal, 786, 787 
Swallowing 

difficulty in, 141, 909, 957 
mechanisms of, 852 
Sweat glands, 5, 8 

in Frey’s syndrome, 902 
Sympa t hec t omy 
of lower limb, 43 
lumbar, 292, 294, 677, 964, 
973 

thoracic, 140 
of upper limb, 900 
Sympathetic nervous system, 
31-33. See also Ner¬ 
vous system, sympa¬ 
thetic 
Symphysis 

menti, 702, 772, 790 
pubis, 16, 146, 299, 301, 
311, 322, 371, 554, 
563 

Synapse, 33 

Synergists, muscular, 15 


Synovial joints, 16-19 
Syphilis, 141, 957 
Syringomyelia, 42 
Systole, 111 

Tail 

axillary, of breast, 403, 

412 

of epididymis, 175, 373 
of pancreas, 249, 295 
Talus, 609, 610 

articular facet of, 609 
fractures of, 686 
head, neck, and body of, 
559, 609 

Tamponade, cardiac, 137 
Tarsal bones, 609-613 
radiography of, 676 
Tarsal glands, 813 
Taste sense, 842, 916 
loss of, 906 
test of, 906 
Tears, 815 

Tectum of midbrain, 805 
Teeth, 840 
canine, 840 
deciduous, 840 
extraction of, 902 
incisor, 840 
infection of, 855, 902 
molar, 840, 902 
lower third, 780 
permanent, 840 
premolar, 840 
wisdom, 840 

Tegmen tympani, 794, 830 
Tegmentum, 805 
Tela choroidea, 801 
Temporal bone, 701, 782, 786, 
787, 790, 793, 794, 
915 

articular tubercle of, 787 
fracture of, 978 
mandibular fossa of, 787 
mastoid process of, 701 
suprameatal crest of, 701 
styloid process of, 787 
temporomandibular j oint, 
702, 768-772, 773, 
902, 915, 916, 977 
tympanic part of, 786, 790 
Tenderness, rebound, 281 
Tendinitis, supraspinatus, 

541, 970 

Tendo calcaneus, 43, 559, 609, 
628, 679, 694, 695, 
947, 952, 973,974, 
980 

Tendon(s), 9, 10 

of abductor hallucis, 638 
of abductor pollicis longus, 
411,481,488,538 
Achilles, 559, 609, 628, 695, 
974 


Tendon(s), Achilles— 
Continued 

reflex of, 43, 679, 694, 
947, 952, 973, 980 
of adductor hallucis, 643 
of adductor longus, 679 
of biceps brachii, 407, 453, 

537 

reflex of, 43, 527, 549, 

971 

of biceps femoris, 557, 598 
of brachioradialis, reflex of, 
43,527 

central, of diaphragm, 72 
conjoint, 156, 201 ' 

of digastric muscle, 720 
of extensor carpi radialis 
brevis, 479, 488 
longus, 478, 488 
of extensor carpi ulnaris, 
481, 488 

of extensor digiti minimi, 
412, 479, 488 

of extensor digitorum, 412, 
479, 488 
brevis, 651 

longus, 559, 621, 651, 652 
of extensor hallucis 
brevis, 651 
longus, 559, 622 
of extensor indicis, 412, 

483, 488 

of extensor pollicis 

brevis, 411, 483, 488, 538 
longus, 411, 483, 488, 

538 

fibrous flexor sheaths of 
of foot, 641 
of hand, 490 

of flexor carpi radialis, 409, 
470, 487 

of flexor carpi ulnaris, 411, 
473, 486 

of flexor digitorum 
brevis, 638 

longus, 559, 630-632, 

" 641, 642 

profundus, 475, 487 
superficialis, 409-^111, 
473, 487 
of flexor hallucis 
brevis, 643 

longus, 559, 632, 641-643 
of flexor pollicis longus, 

473, 487 
of foot, 559, 641 

on dorsum, 651-652 
vibrous flexor sheaths of, 
641 

long extensor, 651-652 
on sole, 641-643, 645- 
648 

of gracilis, 592 
grafts with, 679 


Tendon(s )—Continued 
of hand 

in carpal tunnel, 488-490 
fibrous sheaths of, 490 
long extensor, insertion 
of, 504-506 

long flexor, insertion of, 
490-493 

on palm, 488-493 
synovial sheaths of, 490, 
543 

of iliopsoas, 583 
in lower limb, reflex tests 
of, 679 

of obliquus bulbi, 820 
of obturator internus, 574 
of omohyoid, 714 
of palmaris longus, 409, 
486, 543-544 
patellar, reflex of, 43, 50, 
679, 694, 955-956, 
973 

of peroneus 

brevis, 559, 560, 625, 679 
longus, 559, 560, 625, 

645, 679 

tertius, 559, 622, 652 
of plantaris, 630 
rupture of, 679 
of popliteus, 613 
of quadriceps femoris, 586 
rotator cuff, 439, 540, 541, 
550 

of semitendinosus, 598 
of soleus, 630 
spindles of, 12, 15 
of stapedius, 835 
of sternocleidomastoid, 713 
of supraspinatus, 970 
rupture of, 541 
synovial sheaths of, 21, 22, 

42. See also Sheath, 
synovial 

of temporalis, 761 
of tensor tympani, 835 
of tensor veli palatini, 850 
of tibialis 

anterior, 559, 621 
posterior, 559, 632, 645- 
648 

of triceps brachii, reflex of, 

43, 527, 549, 971 
Teniae coli, 230, 962, 963 
Tennis elbow, 537 
Tenosynovitis 

of digital sheath of finger, 
543,956,971 
of peroneus longus and 
brevis, 679 
stenosing, 538 

Tentorium cerebelli, 793, 794, 
796, 798 

Testis, 169, 174-175, 373, 385, 
387 
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Testis— Continued 
appendix of, 193 
cysts of, 200, 961 
cancer of, 192, 199, 960 
clinical notes on, 192-193 
congenital anomalies of, 
192-193 

descent of, 170, 173-174, 
192 

imperfect, 192-193, 194, 
199, 960 

lymphatic system of, 199, 
960 

temperature of, 175 
Tetany, parathyroid, 976 
Thalamus, 803 
Thigh, 577-604 

adductor canal of, 556, 592 
arteries of 

anterior, 588-590 
clinical notes on, 676 
femoral, 588-590. See 
also Artery(ies), 
femoral 
medial, 596 
posterior, 600 
profunda femoris, 596, 
600 

back of, 594, 595, 597-604 
fascia of 

deep, 154, 563, 580 
superficial, 580 
fascial compartments of, 
580-597 

anterior, 580-592 
medial, 591, 592-597 
posterior, 598-604, 696 
femoral sheath of, 588, 
691-692 

femoral triangle of, 554- 
556, 592 

front of, 555, 556, 577-597 
hip joint, 600-604, 605. See 
also Hip joint 
lymphatics of 

deep inguinal nodes, 590 
posterior, 598 
superficial inguinal 

nodes, 577-580, 598, 
691 

muscles of, 50, 696, 955- 
956 

anterior, 581-587 
clinical notes on, 678- 
679 

medial, 592-596, 597 
posterior, 598-600, 601 
nerves of, 577 
anterior, 590-592 
femoral, 577, 590-592, 
679—680 

ilioinguinal, 577 
intermediate cutaneous, 
577, 590 


Thigh, nerves of— Continued 
lateral cutaneous, 262, 
577 

medial, 596-597 
cutaneous, 577, 590 
obturator, 577 
patellar plexus, 577 
posterior, 597, 600 
cutaneous, 316, 376, 
597, 617, 627 
sciatic, 574-575, 600, 
680, 682 

skin of, 577-580, 597-598 
veins of 

anterior, 590 
femoral, 590 
lateral accessory, 577 
medial, 596 
posterior, 597-598, 600 
profunda femoris, 596, 
600 

superficial, 577, 578, 
597-598 

Thoracic cavity, 83-144, 332 
arteries of, 109-111, 114- 
118, 121, 122, 140 
bronchi, 89, 136 
clinical notes on, 134-140 
clinical problems on, 141- 

142 

answers to, 956-958 
cross-sectional anatomy of, 
119,122,123 
diameters of, 95-98 
anteroposterior, 95-98 
transverse, 98 
vertical, 95 

esophagus, 121-122, 134, 
139-140 

heart, 101-113, 138-139. 

See also Heart 
lungs, 86, 88, 89-101, 143, 
144. See also Lungs 
lymphatic drainage of, 95, 
96, 118,121 

mediastinum, 83-84, 113, 
114,118,124,134 
National Board type ques¬ 
tions on, 142-144 
answers to, 983 
nerves of, 95, 111, 118- 
122 

phrenic, 120, 140 
sympathetic trunk, 120- 
121, 140 
vagus, 118-120 
openings of, 63 
pericardium, 100, 101, 102, 
137-138 

pleurae, 84—89, 134-135 
radiography of, 122-134, 

143 

bronchography, 131, 132, 
134 


Thoracic cavity, radiography 
of— Continued 
computed tomography 
scanning, 122, 133, 
134 

contrast visualization of 
esophagus, 134, 140 
left lateral, 124, 129, 130 
left oblique, 124 
postero-anterior, 122- 
124, 125, 126, 131 
right oblique, 124, 127, 
128,132 

and respiration mechanics, 
95-101 
thymus, 122 

trachea, 89, 90, 93, 124, 136 
veins of, 111, 113-114, 115, 
121,140 

Thoracic wall, 53-81 

age-related changes of, 78, 
80, 956 

anterior surface of, 54-56, 

58, 59 

blood vessels of, 62, 68, 69- 
70, 74 

intercostal arteries and 
veins, 62, 68, 69-70, 

74 

surface markings of, 62 
clinical notes on, 76-79 
clinical problems on, 79-80 
answers to, 956 
congenital anomalies of, 76 
costal cartilages, 55, 64, 76 
diaphragm, 71-74, 78-79 
heart surface markings, 61- 
62, 78 

intercostal spaces, 67, 69, 

78 

lines of orientation on, 57 
lung surface markings, 57, 

59, 60, 78 

lymphatic drainage of, 76, 
77,118 

mammary gland surface 
anatomy, 62 

muscles of, 67-69, 73, 74, 

75 

intercostal, 67-69 
levatores costarum, 74 
serratus posterior, 74 
National Board type ques¬ 
tions on, 80-81 
answers to, 983 
nerves of, 76 

intercostal, 62, 68, 69, 70 
openings of, 63 
pleural surface markings, 
57-61, 78 

posterior surface of, 56-57, 
58, 59, 60 

ribs, 55, 64—67, 76, 78, 177. 
197, 956, 958 


Thoracic wall— Continued 
sternum, 63, 64, 76-78 
structure of, 63-75 
suprapleural membrane, 70 
surface anatomy of, 53-63 
tracheal surface markings, 
57 

trauma of, 76, 80, 956 
vertebrae, 63, 65 
Thoraco-abdominal pump, 73 
Thrombocytopenic purpura, 
294, 963 
Thrombosis 

of appendicular artery, 284 
of axillary vein, sponta¬ 
neous, 525 

cavernous sinus, 901, 977 
of mesenteric vein, supe¬ 
rior, 284 

of scalp veins, 977 
venous sinus, 901, 977 
Thumb, 550 

carpometacarpal joint of, 
513 

importance of, 514, 544 
movements of, 5, 497-499, 
513,514-516, 544 
in median nerve injuries, 
534 

in ulnar nerve injuries, 

536 

short muscles of, 497-^99, 
501 

Thymus, 122, 705 
blood supply of, 122 
Thyroid gland, 141, 730, 735- 
736, 914, 916,957 
adenoma of, 911, 975 
anatomic relations of, 735 
blood supply of, 735-736, 
899 

clinical notes on, 899 
congenital anomalies of, 

736 

development of, 736 
in goiter, 899, 957 
in hyperthyroidism, 978 
isthmus of, 705, 706, 735, 
915 

lobes of, 735 
lateral, 706 
pyramidal, 735 
lymphatic drainage of, 736 
Tibia 

articular facet of, 607 
condyles of, 557, 607, 652 
fractures of, 686 
intercondylar area of, 607 
lower end of, 607 
muscles and ligaments at¬ 
tached to, 606, 607, 
608 

nutrient artery to, 634 
shaft of, 607 
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Tibia —Con tin ued 

surface anatomy of, 557 
tuberosity of, 607 
upper end of, 607 
Tinnitus, 906 
Toes. See Foot 

Tomography, computerized 
axial, 49, 122, 133, 
134, 874, 884—885 
Tone, muscular, 12, 41 
abdominal, 185 
and joint stability, 19-21 
Tongue, 840-843, 917 
blood supply of, 842 
frenulum of, 708, 840, 842 
laceration of, 908 
lymphatic drainge of, 842 
movements of, 842-843 
mucous membrane of, 842 
muscles of, 840-842, 916 
sensory innervation of, 842 
Tonsil 

lingual, 842, 848 
nasopharyngeal, 908 
palatine, 848—849 

anatomic relations of, 
849 

blood vessels of, 849 
clinical notes on, 908 
infections of, 908 
lymph vessels of, 849 
pharyngeal, 848, 908 
tubal, 848 
Tonsillectomy, 908 
Torticollis 

congenital, 897, 911, 975 
spasmodic, 897 
Trabeculae carneae, 104 
Trachea, 80, 89, 90, 93, 142- 
143, 736-737 

anatomic relations of, 736- 
737 

blood supply of, 737 
clinical notes on, 136, 898 
compression of, in enlarge¬ 
ment of thyroid, 899 
diameter of, 705 
lymphatic drainage of, 737 
nerve supply of, 737 
radiography of, 124 
ring of, first, 705 
surface markings of, 57 
Tracheitis, 136 
Tracheotomy, 898-899 
high, 898 
low, 899 
Tract 

gastrointestinal, 216-239 
genital, 382-393 

female, 344-353, 357, 
358, 362-365, 373- 
375, 389-393, 399- 
400 


Tract, genital —Continued 

male, 340, 372-373, 384- 
389,397-399 
iliotibial, 563, 580, 696 
olfactory, 808, 875 
optic, 809, 875 
urinary, 151, 250-257, 267, 
276-279, 290-291 
Transfusions, 544, 968 
Transrectus incision, 186, 199, 
960-961 

Transverse incision, 186 
Transverse planes, 1 
Trapezium, 411, 465 
Trapezoid bone, 465 
Trauma 

of abdominal wall, 197, 

198, 366, 958,959, 
966 

of accessory nerve, in spinal 
part, 897, 975 
of acromioclavicular joint, 
540 

of ankle, 690, 695, 974 
of axillary nerve, 528-529, 
546,879, 969-970 
of back, 949, 950 
of bladder, 360, 965, 966 
of brachial artery, 897 
of brachial nerve plexus, 
527, 545-546, 897, 
969 

of brain, 904^905 
burns in, 40, 50, 955 
of cerebral veins, superior, 
904 

in childbirth 

of birth canal, 399 
of pelvic floor, 327 
of clavicle, 525, 538, 542, 
545, 968 

of cruciate ligament of 

knee, 690, 973-974 
of elbow joint, 541 
tennis elbow in, 537 
of epigastric artery, 959 
of esophagus, 141, 957 
of eye, 907 
of face, 903, 915 
of facial nerve, 898, 901, 

977 

of femoral nerve, 680 
of foot, 686-687 
fractures in. See Fractures 
of hand, 465, 524, 538, 

539-540, 543, 549, 
971 

in falls on outstretched 
hand,538,539,540, 
542,548, 970 
mallet finger from, 538 
trigger finger from, 

538 


Trauma —Continued 

of head,900-901, 902, 903- 
905, 907, 908,909, 
913, 914, 915, 976, 
977, 978 
of hip joint, 687 
of infrapatellar bursa, 973 
of intercostal nerve, 956, 
959 

of jugular vein, external, 

896 

of knee joint, 50, 687-690, 
694, 956, 973 

of laryngeal nerve, external, 
899, 976 
of liver, 286 

of lower limb, 678, 679, 

680, 683, 685-690, 
691, 692 
oflung, 898 

of median nerve, 532-534, 
970 

of meningeal arteries or 
veins, 904 

of musculocutaneous nerve, 
532 

of nose, 904, 909 
of obturator nerve, 683 
of pancreas, 288 

in splenectomy, 289, 290, 
293, 963 

of parotid duct, 901 
of parotid gland, 902 
of pelvic floor, in child¬ 
birth, 327 
of pelvis, 326 

of perineum, 397—399, 400, 
968 

of peroneal nerve, common, 
680-683 

of peroneus longus and 

brevis tendons, 679 
of phrenic nerve, 900 
of plantar aponeurosis, 692 
of plantaris tendon, 679 
of platysma nerve supply, 
898 

pneumothorax in, 135 
of radial nerve, 529, 532, 
546, 969, 971 
of radioulnar joint, 542 
of rectum, 365, 965 
of rectus femoris muscle, 
678 

of scalp, 900-901, 913, 977 
of sciatic nerve, 680, 971- 
972 

self-inflicted cut throat 
wounds, 899 

of semilunar cartilage, 688, 
689, 973 

of shoulder joint, 540-541, 
546,969-970 


Trauma —Con ti n ued 
of skull, 903 
of spinal cord, 142, 949, 
950, 958, 980 
bladder function in, 360, 
361, 366, 966 
of spleen, 290 
of sternoclavicular joint, 
540 

of sternocleidomastoid 
muscle, 897 
of temporomandibular 
joint, 902 

of tendo calcaneus, 679 
thoracic, 76, 80, 135, 136, 
197, 958 

of thoracic nerve, 528, 545, 
968 

of tibial nerve, 683 
of tongue, 908 
of ulnar artery, 970 
of ulnar nerve, 536-537, 

541, 970 

of upper limb, 524, 525, 
527,528-534, 536- 

542, 897—898 
urethral rupture in, 397- 

399 

of vertebral column, 949, 
950, 952, 980 
of wrist, 50, 956 
Treitz ligament, 226 
Trendelenburg test and sign, 
687, 688, 693, 972 

Triangle 

anal, 371, 372, 373, 376- 
382, 393-397 
contents of, 376-382 
deltopectoral, 404 
femoral, 554-556, 582, 592, 
697 

base of, 556 
borders of, 556 
boundaries of, 592 
floor of, 592 
of neck, 713-724 

anterior, 705, 706, 720- 
724, 898-900 
carotid, 723 

clinical notes on, 897-900 
digastric, 723 
muscular, 723 
occipital, 714^717 
posterior, 705, 706-708, 
713-720, 897—898, 
915 

submental, 703, 720 
supraclavicular, 717 
suprameatal, 701, 787, 790 
urogenital, 371, 372-374, 
383-393, 397—400 
clinical notes on, 397- 

400 



Index 1023 


Triangle, urogenital— 
Continued 

deep perineal pouch, 383, 
384, 387-388, 390- 
391 

fascia of, superficial, 382, 
383 

in female, 373-375, 389- 
393, 399—400 
in male, 372-373, 384- 
389,397-399 
superficial perineal 

pouch, 382, 383, 387, 
389-390 

urogenital diaphragm, 
382-384, 390 
Trigger finger, 538 
Trigone of bladder, 338, 360 
Triquetal bone, 465 
Trochanters of femur, greater 
and lesser, 554, 566 
Trochlea of humerus, 418 
Trunk 
arterial 
celiac, 223 
costocervical, 741 
pulmonary, 117-118 
thyrocervical, 740-741 
lymphatic 

bronchomediastinal, 95, 
118 

intestinal, 261 
jugular, 118, 729, 744 
lumbar, 261 
subclavian, 118, 434 
nerve 

of brachial plexus, 428, 
429, 527, 708, 718, 
719, 897 

lumbosacral, 262, 316, 
319 

sympathetic, 31. See also 
Nervous system, 
sympathetic 
vagal, 221, 222, 296 
Tube 

auditory, 787, 835 
uterine, 345, 347, 348, 

363 

Tuber cinereum, 805 
Tubercle 

adductor, of femur, 557, 

566 

articular, of temporal bone, 
787 

of calcaneum, 560, 609 
cuneate, 805 
gracile, 805 

iliac, 145, 553, 563, 922 
of metatarsal bone, fifth, 
613 

peroneal, of calcaneum, 
560, 609 


Tubercle— Continued 
pharyngeal, of occipital 
bone, 787-790 
pubic, 145-146, 189, 299, 
312, 554, 563,691 
quadrate, 566 
of radius 

dorsal, 409, 465 
pronator, 465 
of ribs, 65 
scalene, 65 
of talus, 609 
Tuberculosis 

of cervical lymph nodes, 
896, 911, 974-975 
of cervical vertebrae, 896- 
897 

of lumbar vertebrae, 199, 
692, 961 

pulmonary, 135, 136, 137, 
141,366, 951,957, 
979-980 

of thoracic vertebrae, 979- 
980 

thoracolumbar, 197 
of ureter, 967 
Tuberculum 
impar, 736 
sellae, 794 
Tuberosity 
gluteal, 569 
of humerus 
deltoid, 418 
greater, 404, 418, 539 
lesser, 418 

ischial, 312, 371, 553, 563 
measurement of, 324 
of navicular bone, 560, 609 
of radius, bicipital, 465 
of tibia, 607 

Tubules, seminiferous, 175 
Tumors. See Cancer 
Tunica 

adventitia, 975, 977 
albufinea, 175, 345 
media, 975 

vaginalis, 146, 174, 196, 201 
fluid accumulation in, 
200,961 

Tunnel, carpal, 469, 488-490 
syndrome of, 534, 970 


Ulcer 

of duodenum, 282, 284, 
292, 293, 544, 961, 
962, 968 

perforation of, 198, 293, 
959, 962 

peptic, 292-293, 962 
of stomach, 282, 286, 289, 
292, 293, 961, 962 
perforation of, 292, 961 


Ulna 

borders of, 465 
clinical notes on, 539 
coronoid process of, 465 
fractures of, 539, 542 
head of, 465 
lower end of, 465 
muscular and ligamentous 
attachments to, 464, 
465 

nutrient artery of, 476 
olecranon process of, 465 
shaft of, 465 
styloid process of, 465 
surface anatomy of, 409 
upper end of, 465 
Umbilicus, 148, 182 

congenital anomalies of, 
182-185,190, 191 
herniae of, 190-191 
lymphatic system of, 198, 
959 

Umbo, 701, 830 
Upper limb, 403—551 

arm, upper, 447-463. See 
also Arm, upper 
arteries of, 407, 409, 411- 
412, 454, 969 
in arm, 450, 454, 456, 
458, 459, 463 
in axilla, 426-428 
in back region, 434 
clinical notes on, 524- 
525 

in forearm, 475—476, 

477, 478, 479, 483- 
486 

in hand, 411-412, 475, 
476, 501, 506, 524- 
525 

in shoulder region, 440, 
441 

axilla, 405—407, 418-434 
back of, 434-147, 919-954. 

See also Back 
bones of, 404-405, 407, 
409,411,414-418, 
419 

in arm, 418 
in back, 435 

clinical notes on, 538-540 
in forearm, 463-465 
in hand, 465-468, 524, 
539-540,548,549, 
550, 970, 971 
in shoulder region, 56- 
57, 414-418 

clinical notes on, 524-544 
clinical problems on, 544- 
549 

answers to, 968—971 
cubital fossa, 407, 409, 461, 
463 


Upper limb— Continued 
elbow joint and region, 
506-508, 549. See 
also Elbow joint and 
region 

forearm, 463—165, 468-486. 

See also Forearm 
hand. See Hand 
joints of, 440-447, 506-517 
clinical notes on, 540-542 
lymphatic system of, 452 
in arm, upper, 447—150, 
452 

axillary, 433-434 
in back region, 434, 936 
clinical notes on, 525 
in forearm, 468 
in hand, 525, 971 
in mammary glands, 
412-414, 526, 551, 
968-969 

mammary glands, 403-404, 
412-414, 525-526. 

See also Mammary 
glands 

muscles of, 404, 407, 409— 
411,412,415,416, 
449-450 

in arm, upper, 450, 453- 
456, 457, 459-462, 
463 

in back region, 434—139, 
922, 933-935, 945, 
979, 980 

clinical notes on, 537-538 
in forearm, 470-475, 
477-483, 484-485, 
542, 550 

in hand, 488, 493-501, 
527,550 

in walls of axilla, 418- 
426 

National Board type ques¬ 
tions on, 549-551 
answers to, 984 
nerves of, 407, 409, 411, 

451, 526-527 
in arm, 447, 450, 451, 

459, 462-463 
in axilla, 428—433 
in back region, 434, 437, 
440, 936 

clinical notes on, 526-537 
in forearm, 430, 459, 462, 
468, 470, 473, 475, 
476-477, 478, 479, 
481, 483, 486, 488 
in hand, 476-477, 488, 
492, 497, 498, 499, 
501-502, 504, 527, 
550 

sympathetic, 900 
pectoral region, 412—418 
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Upper limb —Continued 
radiography of, 517-524 
in elbow region, 519, 520, 
522 

in shoulder region, 518- 
520 

wrist and hand, 521, 
522-524 

shoulder joint and region, 
518-520, 540-541. 

See also Shoulder 
joint and region 
skin of 

of arm, 447-450, 531 
ofback, 434, 936 
of forearm, 468 
of hand, 488, 504 
surface anatomy of, 403- 
412 

tendon reflexes of, 527 
trauma of, 524, 525, 527, 
528—534,536-542, 
897—898 

veins of, 411, 412, 549 
in arm, upper, 447 
in axilla, 428 
in back region, 434 
clinical notes on, 525 
in forearm, 468 
in hand, 412, 504 
wrist joint and region, 409- 
412, 486-488, 522- 
524. See also Wrist 
joint and region 
Urachus, 336 
patent, 182, 961 
Ureters, 250, 255, 257, 295, 
297,341, 368 
anatomic relations of, 255 
bifid, 964 

blood vessels of, 255 
clinical notes on, 291, 360- 
362 

congenital anomalies of, 
255, 257, 291, 294, 
964 

in female, 344, 360-362, 

967 

calculi in, 294, 362, 963- 
964 

left, 255 

lymph vessels of, 255 
in male, 340 
nerves of, 255 

pelvis of, 255, 276, 277, 279 
radiography of, 276-279 
right, 255 

tuberculosis of, 967 
Urethra, 250 

in female, 393, 402 
in male, 388, 401 

catheterization of, 399, 
400-401, 968 
membranous, 387, 389 


Urethra, in male— 

Continued 

penile, 372, 385, 389 
prostatic, 343, 362, 389 
rupture of, 397-399, 400, 
959, 968 

Urinary tract, 250-257 
calculi in, 291, 294, 362, 
963-964 

clinical notes on, 290-291 
kidneys, 250-255. See also 
Kidneys 

radiography of, 267, 276- 
279 

ureters, 250, 255, 257. See 
also Ureters 

Urination, 198, 200, 327, 338- 
340, 959, 961 

difficulty in, 366, 400, 966, 
967, 968 

and incontinence, 327, 360 
prostate enlargement af¬ 
fecting, 362 

spinal cord injuries affect¬ 
ing, 360, 361 

Urine, 250 

Urogenital triangle, 371, 372- 
374, 382-393, 397- 
400 

Uterine tube, 345, 347, 348 
blood supply of, 347 
clinical notes on, 363 
functions of, 347 
inflammation of, 363 
intramural part of, 347 
ligation and division of, 363 
lymph vessels of, 347 
nerves of, 347 

Uterus, 346, 347-352, 367 
anatomic relations of, 349 
anteflexion of, 347, 348, 
364, 967 

anteversion of, 347, 348, 
364, 967 

blood supply of, 349 
body of, 347, 363 
broad ligament of, 367 
cavity of, 347 
cervix of, 347, 363 
in child, 352 

clinical notes on, 363-364 
examination of, 363 
fundus of, 347, 363 
hysterosalpingography, 357, 
358 

in labor, 352 

lymphatic system of, 349, 
367, 967 

in menopause, 352, 364 
mucous membrane of, 349 
muscular wall of, 349 
nerves of, 349 
palpation of, 151, 301, 363, 
364, 367, 965, 967 


Uterus —Continued 

in pregnancy, 151, 301, 302, 
352, 363, 364, 367, 
965, 967 

prolapse of, 327, 364 
retroflexion of, 349, 364 
retroversion of, 349, 364 
round ligament of, 146, 

154, 156, 165, 174, 
345, 352 
covering of, 173 
structure of, 349 
supports of, 349-352, 364, 
367, 967 

Utricle 

of membranous labyrinth 
of ear, 837 
prostatic, 341, 343 
Uvula 

palatine, 850, 916 
muscle of, 851 
vesicae, 338 

enlargement of, 362 


Vagina, 345, 352—353, 368, 

393 

anatomic relations of, 352- 
353, 364-365, 399 
blood vessels of, 353, 393 
clinical notes on, 364—365, 
399 

examination of, 301, 324, 
359, 360, 364-365, 
366-367, 399, 401 
fornices of, 352 
lymph vessels of, 353, 393 
nerves of, 353, 393 
orifice of, 374 
prolapse of, 327, 364, 365, 
367, 967 

supports of, 353, 393 
vestibule of, 374 
bulb of, 389 
Vagotomy, 282, 962 
Valleculae, 848, 859 
Valves 

anal, 376, 395, 396, 401 
of heart 

aortic, 105, 106, 107, 112 
auscultation of, 112, 138- 
139, 142,958 
cusps of, 104, 105, 106, 
107,138 

diseases of, 138-139 
mitral, 107, 112, 138-139 
pulmonary, 105, 106, 112 
surface anatomy of, 111- 
112 

tricuspid, 104, 106, 112 
ileocecal (ileocolic), 232 
of lymph vessels, 25 
Varicocele, 192, 290 


Varicosities, 677-678, 693, 
972-973 

of lower limb veins, 677- 
678 

of rectal vein, 967 
inferior, 395 
superior, 393-395 
of saphenous vein, 692, 
972-973 

Vas deferens, 146, 148, 168, 
175, 340, 341,368, 
373 

ampulla of, 340 
palpation of, 199, 961 
Vasectomy, 193-194 
Vater, ampulla of, 246 
Vault of skull, 782, 790-793 
Vein(s), 21-25 

of abdominal wall, 182 
anterior, 153, 164, 172 
posterior, 258-261 
accessory, lateral, of thigh, 
577 

appendicular, 232 
in arteriovenous anasto¬ 
moses, 25 

auricular, posterior, 710, 
746 

axillary, 427, 428 

spontaneous thrombosis 
of, 525 
azygos, 140 

of back, 935-936, 946-947 
basilic, 412, 447, 468, 487 
basivertebral, 936 
brachiocephalic, 113, 705 
left, 62, 113 
right, 62, 113 
of brain, 808 
bronchial, 95 
cardiac, 111 

central, of hepatic lobules, 
245 

cephalic, 412, 447, 468, 
487, 968 

clinical notes on, 525 
cerebral 

great, 801, 808 
bleeding from, 905 
internal, 808 
superior, 801 
injuries to, 904 
cervical, transverse, 710 
colic 
left, 234 
middle, 234 
right, 233 
coronary, 110 
cubital, median, 412, 468, 
525 

cystic, 248 
diploic, 744 
dorsal venous arch 
of foot, 559, 651 
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Vein(s), dorsal venous arch— 
Continued 
of hand, 504 
of duodenum, 227 
of dura mater of brain, 800 
emissary, 744, 747 
epigastric 
inferior, 320 
superficial, 577 
esophageal, 139 
facial, 729, 752, 782, 977 
deep, 752, 768 
transverse, 752 
tributaries of, 752 
femoral, 556, 588, 590 
tributaries of, 590 
of foot 

of dorsum, 559, 651 
of sole, 648 

of forearm, superficial, 468 
gastric, 220 
gastroepiploic, 220 
of gastrointestinal tract, 
237-238 

hemi-azygos, 140 
hemorrhoidal, 393-395 
hepatic, 245, 296 
ileocecal (ileocolic), 233 
iliac, 320-322 
common, 320 
deep circumflex, 320 
external, 320, 330 
internal, 322 
superficial circumflex, 
577 

intercostal, 62, 69-70 
anterior, 69-70 
posterior, 69 
intervertebral, 936 
jugular 

anterior, 705, 710 
external, 708, 710, 911, 
915, 975 

clinical notes on, 896 
posterior, 710 
tributaries of, 710 
internal, 706, 727-729, 
795 

anatomic relations of, 
727-729 
bulbs of, 727 
tributaries of, 729 
of leg 

in back, 627, 677, 693, 
972-973 
in front, 621 

superficial, 577, 578, 621, 
627 

in venous pump, 578, 

677, 693, 972-973 
lingual, 729, 782 
of lower limb 

clinical notes on, 677-678 
deep, 677 


Vein(s), of lower limb— 
Continued 

perforating, 577, 677 
superficial, 597-598, 677, 
696 

varicose, 677-678 
maxillary, 768 
meningeal, 800 
injuries to, 904 
middle, 786, 793, 800 
mesenteric 
inferior, 259 
superior, 229, 260 
thrombosis of, 284 
of neck, 727-729 

in posterior triangle, 718 
in root region, 741 
superficial, 710, 896 
obturator, 596 
occipital, 729, 746 
ophthalmic, 826 
ovarian, 255, 347 
pampiniform plexus, 200, 
961 

pancreaticoduodenal, 250 
paraumbilical, 153 
of pelvic walls, 320-322, 

330 

of penis, superficial dorsal, 
372 

perforating, of lower limb, 
577", 677 
pharyngeal, 729 
plantar, medial and lateral, 
648 

plexuses of, 21. See also spe¬ 
cific plexus 
popliteal, 616 

tributaries of, 616 
portal, 21-25, 139, 212, 

213, 237-238, 244- 
245,261,295 
clinical notes on, 286 
in portal-systemic venous 
anastomoses, 139, 
238, 240, 286, 297, 
958 

profunda femoris, 596, 600 
prostatic plexus, 343, 362 
pterygoid plexus, 768 
pudendal 

external superficial, 577 
internal, 382, 391 
pulmonary, 107, 114 
rectal, 336, 358, 376, 380, 
393 

inferior, 336, 393, 395 
middle, 336, 393 
superior, 336, 393-395 
varicosities of, 393-395, 
967 

rectal plexus, 393 
renal, 255 
retinal, 915, 979 


Vein(s )—Continued 

retromandibular, 760, 768 
posterior division of, 

710 

sacral, median, 322 
saphenous 

great, 556, 559, 577, 590, 
677, 692 

graft with, in coronary 
bypass surgery, 678 
small, 560, 577, 616, 627, 
677 

tributaries of, 627 
varicosities of, 692, 972- 
973 

of scalp, 746-747, 976-977 
of spinal cord, 939 
splenic, 250, 259-260 
of stomach, 220 
subclavian, 708, 718, 741 
anatomic relations of, 

741 

supraorbital, 746 
suprarenal, 258 
suprascapular, 710 
supratrochlear, 746 
temporal, superficial, 746 
testicular, 172, 255 
of thigh, 590, 596, 600 
anterior, 590 
lateral accessory, 577 
medial, 596 
posterior, 597—598, 600 
superficial, 577, 578, 
597-598 

thoracic, internal, 62, 74 
of thorax, 111, 113-114, 
115, 121, 140 
thyroid 

inferior, 705, 735-736 
middle, 729, 735 
superior, 729, 735 
of thyroid gland, 735—736 
tributaries of, 21 
of upper limb, 411, 412, 

549 

clinical notes on, 525 
uterine, 349 
vaginal, 353, 393 
varicose, 393—395, 677-678, 
693, 697, 972-973 
vena cava 

inferior, 103, 113-114, 
258-259, 261 
superior, 62, 103, 113 
vertebral plexus, 946-947 
external, 936 
internal, 936 
vesical, 255 
vesical plexus, 338 
Vela, medullary, 807 
Vena cava 

caval openings in dia¬ 
phragm, 73, 80 


Vena cava —Continued 

inferior, 103, 113-114, 258- 
259 

tributaries of, 258, 261 
superior, 62, 103, 113 
Venae comitantes, 21, 677 
of anterior tibial artery, 622 
of posterior tibial artery, 

634 

Venae vorticosae, 826 
Venous pump of leg, 693, 
972-973 
Ventricles 
of brain, 807 
fourth, 801, 807 
lateral, 801, 803, 807 
third, 801,803,805, 807 
of heart, 104-105, 107 
left, 107 
right, 104-105 
septum of, 107, 138 
Ventriculography, 869 
Venules, 21 

Vermis, cerebellar, 805 
Vertebra prominens, 56, 705, 
864, 919, 925 

Vertebral column, 923—933 
age-related changes of, 926, 
929, 931,932 

body of vertebrae, 175, 925, 
929, 949,954 

cervical 864, 865, 916, 919, 
925 

dislocation of, 949, 950, 
980 

first, 864, 865, 925, 953 
movements of, 933, 946 
radiographv of, 874-875, 
886, 939, 940 
second, 864, 865, 925 
seventh, 705, 864, 865, 
919, 925 

tuberculosis of, 896—897 
typical, 864, 865, 925 
characteristics of vertebrae, 
925 

clinical notes on, 945, 946- 
949 

coccyx, 300, 301, 307, 322, 
371,554,920,926 
fractures of, 965 
radiography of, 945 
congenital anomalies of, 76 
curves of, 922, 931, 954 
abnormal, 946, 951, 952- 
' 953, 979, 980 

in coronal plane, 931 
in sagittal plane, 931 
dislocations of, 949, 950, 

980 

fractures of, 949, 950 
functions of, 954 
intervertebral discs, 926— 
929, 947, 953 
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Vertebral column, interverte¬ 
bral discs— Contin¬ 
ued 

herniation of, 947, 953 
lumbar, 177 
joints of, 929-931 
in kyphosis, 78, 946, 951, 
979, 980 

left lateral flexion deformity 
of, 49, 955 

lumbar, 175-177, 919, 924, 
926 

abnormal curve in, 946 
fifth, 176 

fourth, transverse section 
of abdomen through, 
211 

fracture dislocation of, 
950 

movements of, 933, 946 
radiography of, 940-945 
spine of, 919 
tuberculosis of, 199, 692, 
961 

and lumbar puncture, 950— 
951, 953, 954, 980- 
981 

movements of, 922, 931- 
933, 946 

muscles of, 922, 933-935, 
945, 979, 980 
radiography of, 328, 874- 
C 875, 886, 939-945, 
980 

sacrum, 300, 301, 307, 308, 
309, 322, 328, 330, 
685, 919-920, 926 
crest of, 300, 919-920 
radiography of, 945 
second, 801 
spine of, 919 
surface anatomy of, 919— 
920 

thoracic, 63, 65, 79, 81, 

919, 925-926, 956 
abnormal curve in, 946 
fracture dislocation of, 
950 


Vertebral column, 
thoracic— 

Continued 

movements of, 933, 946 
radiography of, 939-940, 
941, 942 
spine of, 919 
spinous processes of, 

56 

tuberculosis of, 

979-980 

twelfth, transverse sec¬ 
tion of abdomen 
through,211-212 
thoracolumbar region, tu¬ 
berculosis of, 197 
trauma of, 949, 950, 952, 
980 

tumor of, pressing on 

spinal cord, 50, 955- 
956 

Vertex of skull, 699 
Vertigo, 906, 908 
Vesicles, seminal, 340, 368 
Vestibular glands, greater, 
374, 393, 399 
cyst of, 968 
Vestibule 
aortic, 107 
of ear, 837 
of larynx, 859 
of mouth, 839 
of nose, 853 
of vagina, 374 
bulb of, 389 
Vibrissae, 853 
Villi, arachnoid, 800, 938 
Vincula, 21 

longa and breva, 490 
Viscera 

abdominal, 149-151, 203- 
207 

ptosis of, 185, 959 
of neck, 735-737 
pelvic, 301, 326, 331-356 
palpation of, 301 
Visceral layer 

of pelvic fascia, 314, 368 


Visceral layer, of pelvic fas¬ 
cia —Continued 
in female, 353 
in male, 343 
of pericardium, 101 
of peritoneum, 207, 212, 
216, 279 
of pleura, 53, 84 
of serous membranes, 34 
Visceroptosis, abdominal, 
185, 959 

Vision 

disorders of, 905-906, 907, 
914, 978 

testing of, 905 ' 

Voice production, 863-864, 
910,912,976 
alterations in, 141, 956- 
957 

frequency or pitch of, 863 
quality of, 863 
in speech, singing, and 
whispering, 863 
Volkmann’s ischemic contrac¬ 
ture, 542, 970 
Volvulus, of sigmoid colon, 
358 

Vomer, 782, 786, 787 
Vulva, 373-375, 401 
clinical notes on, 399 
infections of, 399 
lymphatic system of, 393, 
401, 968 


Walking 

foot action in, 668—669 
intermittent claudication 
in, 294, 677, 694 

Wall 

abdominal, 145-202, 258- 
267 

of adductor canal, 592 
of axilla, 418 
of inguinal canal, 165 
of mastoid antrum, 835- 
836 


Wall —Continued 
of nasal cavity, 853 
of orbit, 816 
pelvic, 299-330 
of pharynx, 848, 849 
of popliteal fossa, 613 
thoracic, 53-81 
of tympanic cavity, 830, 833 
of uterus, muscular, 349 
Weight-lifting muscle, 73 
Whispering, 863 
White matter, 25 
White rami communicantes, 
31,120 

Wing of sphenoid, greater, 

786 

Wisdom teeth, 840 
Wrist joint and region, 486- 
488, 511-512,522- 
524, 549 

anatomical snuffbox in, 

411, 483 

anterior aspect of, 486-^188 
clinical notes on, 542 
fascia of, 488 
median nerve injuries in, 

534 

radiography of, 521, 522- 
524 

surface anatomy of, 409- 
412 

transverse creases in, 409 
trauma of, 50, 956 
ulnar nerve injuries in, 536— 
537 

Wristdrop, 531, 969 


X-rays, 49. See also Radiogra- 

P h y 


Zeis, glands of, 811 
Zygomatic bone, 701, 702, 
752, 782, 786, 904 





















